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Preface 



Interferons (IFNs) are a complex group of naturally occurring 
proteins and glycoproteins initially recognized as antiviral 
agents. Due to their antiproliferative, differentiation-inducing 
and immunomodulatory effects in vitro, IFNs were considered 
important new drugs in the treatment of cancer. The introduc- 
tion of recombinant DNA technology in the late 1970s permit- 
ted large-scale production of highly purified IFNs and strongly 
stimulated systematic clinical investigations. It was soon dem- 
onstrated that certain hematological neoplasms were particu- 
larly sensitive to IFNs, and hairy cell leukemia became the first 
approved clinical indication for IFN-a in the United States. After 
this initial success, a number of frustrating clinical studies were 
published that cast doubt on an important role of IFNs in the 
management of human cancer. Meanwhile, after 15 years of 
intensive clinical research, several new indications for the use of 
IFNs have emerged, and we have learned that in some malignan- 
cies IFNs are more effective when employed as maintenance 
therapy after remission induction with conventional chemo- 
therapy. Although administration of IFNs in human cancer has 
not resulted in astonishing cures, it proved to be more effective 
than other treatment modalities in several disorders. Apart from 
malignancies, a variety of other diseases have been shown to 
respond to IFN treatment. The most promising results were seen 
in patients with chronic hepatitis B and C, some of whom may 
be cured by IFN-a. Other diseases in which IFNs maybe of par- 
ticular therapeutic value are condylomata acuminata, HIV 
infection, cryoglobulinemia, and multiple sclerosis. 

In order to summarize the current state of the use and indi- 
cations of recombinant IFNs in hemato-oncology and other 
medical disciplines, a symposium entitled ‘Interferons: biologi- 
cal activities and clinical efficacy’ was convened in Diisseldorf, 
Germany, October 21, 1995. The papers presented form the basis 
of this book. In addition, renowned authors were asked to pro- 
vide review articles on the role of IFN treatment in important 
other diseases not covered by the one-day symposium. Further 
chapters discuss the short-term and long-term adverse effects 
of IFN therapy and point out possible perspectives for future 
clinical research. 
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CHAPTER 1 



Distribution of interferon-a2 Genes in Humans 

D. Testa 



Introduction 

In the normal course of a viral infection, human cells produce interferons (IFNs) 
as the first line of defense. These IFNs differ depending upon the cells and the 
nature of the infecting virus. Over the past 20 years it has become clear that there 
are many forms of IFNs produced. They can be grouped into four IFN families 
based upon their similarities and differences: alpha, beta, gamma, and omega 
IFNs. As shown in Table 1, only the alpha-interferon family contains more than 
one allelic form of IFN. Omega, beta, and gamma IFN families contain only one 
functional IFN species each. As many as 14 different nonallelic genes have been 
identified for IFN-a [1]. Thirteen of the 14 different species of IFN-a consist of 
166 amino acids. Only one is shorter, by a single amino acid, i.e., IFN-«2. IFN-a2 
lacks the aspartic acid in position 44 found in the mature IFN-a-proteins, mak- 
ing it only 165 amino acids in length. There are no introns in this family and two 
disulfide bonds are used to maintain the secondary structure of the molecule. All 
of the species in this IFN-a family share a very high degree of sequence homol- 
ogy [2]. The type I interferons, i.e., alpha-, beta-, and omega-IFN families are clus- 
tered on human chromosome 9. Interferon-y, type II IFN, has been located on 
human chromosome 12 . The extent of glycosylation of the proteins in the IFN-a 



Table 1. Human interferon families 



Characteristic 


Alpha 


Omega 


Beta 


Gamma 


Nonallelic genes 


14 


1 


1 


1 


Alleles 


16 


na 


na 


na 


Pseudogenes 


2 


8 


na 


na 


Number of amino acids 


166 (165) 


172 


166 


143 


Disulfide bonds 


2 


2 


1 


0 


Chromosomal location 


9 


9 


9 


12 


Introns 


0 


0 


0 


3 


Family homology 


75%-85% 


na 


na 


na 


Glycosylation 


minor 


minor 


major 


major 


Acid stable 


yes 


yes 


yes 


no 


Antiviral specific activity 










(x 10* U/mg) 


0.01-10.0 


2 


1-5 


0.1 



na, not applicable 
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family is low (i.e., < 8% of the total protein weight) and appears to exist predomi- 
nantly as O-linked forms. One species of IFN-a has an N-linked asparagine site, 
i.e., IFN-ai4, which was predicted from the cloned DNA sequence [3] and con- 
firmed in the natural form of IFN-ai4 [4]. 

Most knowledge of the clinical utility of IFN-a has been obtained from the use 
of recombinant forms of IFN-a2. Three variants of IFN-a2 have been identified 
from cloned DNA sequences. These are IFN-a2a, IFN-a2b and IFN-a2c. Each of 
these species has been cloned and expressed [2, 5, 6, 7] . The unique differences that 
exist among them are amino acid 23 and amino acid 34. These differences are 
shown in Table 2. IFN-a2a, -2b, and -2C have almost identical sequences with only 
single amino acid differences at positions 23 and 34 in the linear protein sequence. 
The significance of these differences is unknown, and all three of these variants 
have been used extensively in the clinic with favorable results and variable toxic- 
ity. The amino acid variations at position 23 and 34 result from single nucleotide 
changes at the corresponding amino acid positions. A lysine (Lys) to arginine 
(Arg) change at position 23 corresponds to a change of AAA to AGA. A histidine 
(His) to arginine (Arg) change at amino acid position 34 corresponds to a CAT 
to a CGT change. 



Table 2. IFN-a2 gene variants 





AA at position 23 


AA at position 34 


IFN-a2a 


Lys 


His 


IFN-a2b 


Arg 


His 


IFN-a2c 


Arg 


Arg 



During the manufacture of natural leukocyte IFN-a (i.e., IFN-an3), there was an 
interest in determining which of the reported recombinant human IFN variants 
were actually produced during the viral induction of natural IFN. These studies 
were possible because of the large quantities of highly purified natural IFN pro- 
tein available for analyses. The work began with the analysis of the IFN-a2 gene 
variants [8, 9] and is being extended to the variants of other species present in 
the natural IFN product. The work presented in this manuscript is a summary of 
a significant amount of work performed by the scientists at Interferon Sciences 
Inc., New Brunswick, NJ (see Acknowledgments). 



Results and Discussion 

Leukocyte Interferon Production 

Natural human leukocyte IFN was induced as described originally by Cantell [10] 
and as outlined in Fig. 1. Normal human leukocytes collected from healthy 
prescreened human donors were added to tissue culture medium containing IFN-a 




Distribution of Interferon-o2 Genes in Humans 



3 



Fig.1. Scheme for natural 
leukocyte interferon (IFN) 
Induction 



Human Agamma Serum 
+ Primer 




Sendai Virus 

/ 



Normal Human Leukocytes 



Cell Free Supernatant 
(Crude lFN-an3) 



as the primer. After a short incubation time, Sendai virus was added to the cul- 
ture, and the cells were cultured overnight. Following the induction period, the 
cell-free supernatant was collected and concentrated; this served as the crude 
form of natural human leukocyte IFN. This crude concentrated material was then 
purified sequentially over an NK2 monoclonal antibody affinity column (Celltech 




Fig. 2. Reverse phase HPLC profile of purified IFN-an 3 . Solid line, IFN-an 3 ; broken line, blank 
gradient 
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Ltd., Slough, UK) followed by Superose iz size exclusion chromatography as 
described previously [ii]. 

The resulting product from the Superose i2 column contained only biological 
activity associated with IFN-a, as assessed in the cytopathic effect assay (CPE) 
on HEp-2 cells challenged by vesicular stomatitis virus, and no additional con- 
taminating cytokine activities. The product was > 98% pure, as determined by 
many different analytical methods. This purified natural human leukocyte IFN 
is referred to as IFN-an3. The standard reverse phase high-performance liquid 
chromatography (RP-HPLC) (C4 Column, Vydak, Hesperia, CA) “fingerprint” 
profile of IFN-an3 is shown in Fig. 2. Six peak regions have been resolved on the 
basis of their relative hydrophobicity using this technique. In some instances, peak 
1 resolved into two peaks and these are referred to as peaks 1.1 and 1.2. 



IFN-a2 Variant Identification; Protein Analyses 

In order to determine which of the reported IFN-a2 variants exist within the natu- 
ral IFN preparation, a series of comparative analyses were performed using highly 
purified, human-leukocyte-derived IFN-an3 with each of the three recombinant 
forms IFN-a2, i.e., IFN-a2a, -2b and -2c. In the first set of analyses, the IFNs were 
run on an sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
gel (Fig. 3). IFN-an3 and IFN-a2a, -2b and -2c were run under nonreducing 




- BME + BME 



Fig.3. SDS-PAGE analysis of IFN- an3 and variant recombinant forms of IFN-aa. Lane 1, mo- 
lecular weight markers; lanes 2 and 7, blank; lanes 3 and 8, IFN-an3; lanes 4 and 9, IFN-aaa; 
lanes 5 and 10, IFN-azb; lanes 6 and 11, IFN-azc. The gel was stained with coomassie blue. Lanes 
3-6, - BME; lanes 8-11, -tBME 
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Fig. 4. Reverse phase HPLC profiles of purified IFN-an3 compared with recombinant variant 
forms of IFN-a2 



(- BME) and reducing conditions (+BME) and the resulting gels were stained with 
coomassie blue for analysis. Interestingly, each of the recombinant IFN-a protein 
variants migrated with remarkable similarity, but none of them comigrated with 
a specific band identifiable in the IFN-an3 mixture of IFN species. 

These comparative analyses were continued with RP-HPLC with IFN-an3, -2a, 
-2b and -2C (Fig. 4). Again, there was a remarkable similarity between the differ- 
ent recombinant forms of IFN-a2, with a virtual overlapping of the profiles for 
each species variant. These results suggested that IFN-au3 had little if any IFN- 
a2 present. An N-terminal sequence analysis of each protein peak of the RP-HPLC 
IFN-an3 profile showed that peak 1 was the natural form of IFN-a2. The differ- 
ences in relative mobility on SDS-PAGE and RP-HPLC between the recombinant 
and natural forms of IFN-a2 species may be due to glycosylation of the natural 
forms of IFN-a2 [12]. IFN-an3 peak 1 material from IFN-an3 prepared from a pool 
of 10 728 human buffy coats was collected and served as the starting source of 
natural IFN-a2 for all subsequent analyses. 

The approach taken for the analysis of peak 1 identity, was two-fold; 

1. direct N-terminal sequence analysis for identity of the amino acid at position 
23, and 

2. cyanogen bromide (CNBr) digestion and identification/isolation of the pep- 
tide fragment containing the discriminating amino acid at position 34. 
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Elution time (min) 



CDLPQTHSLGSRRTLM LLAQM RRISLFSCLKDRHD 

CNBr 1 'I' 'f 

CNBr2 

FGFPQEEFGNQFQKAETIPVLHEM IQQIFNLFSTKD 
CNBr 3 . 

t 

SSAAWDETLLDKFYTELYQQLNDLEACVIQGVGVT 
CNBr 4 

ETPLM KEDSILAVRKYFQRITLYLKEKKYSPCAWEV 
■f CNBr 5 

VRAEIM RSFSLSTNLQESLRSKE 
-f- CNBr 6 



Fig. 5. Cyanogen bromide digestion analyses of purified IFN-«2 isolated from purified IFN- 
an3. Profile (left) is of CNBr digest of peak i material from RP-HPLC of IFN-an3. The map 
(right) depicts the predicted digestion sites within the IFN-a2 protein sequence 



All three variant forms of IFN-a2 contain five internal methionine residues, which 
predict a minimum of six peaks for analysis. The RP-HPLC profile of CNBr-digested 
natural IFN-a2 is presented in Fig. 5. The profile shown identified six peak regions 
each corresponding to the fragments predicted from the amino acid sequence (see 
sequence in Fig. 5). Each of the six peaks (peaks A through F) were analyzed by N- 
terminal sequencing. Peak D was identified as the fragment containing amino acids 
22 through 59 (shown underlined in the sequence of Fig. 5). The amino terminal 
sequence of this fragment (CNBr 3) corresponds to both IFN-azb and -2c. This CNBr 
fragment 3 was subjected to trypsin digestion, fractionation on RP-HPLC and a 
complete sequence analysis of the resulting peptides was performed. Results of these 
analyses confirmed that the major signal at amino acid position 34 was that of his- 
tidine, with a minor signal of arginine. This suggested that the sequence of lFN-a2 
protein expressed in virus-induced leukocytes is that of IFN-a2b, with a minor 
contribution of IFN-azc. lFN-a2a was not observed. 



IFN-a2 Variant Identification: Gene Analyses 

To confirm that the protein expressed in these virus-induced leukocytes repre- 
sented the genetic complement of the cell population tested, the genomic sequence 
in the normal human leukocyte population was examined. The similarity in gene 
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Fig. 6. IFN-a2 gene map. Predicted gene variants within the IFN-aa gene locus. Nucleotides 
(nt) 137 and 170 represent potential transition sites for the variants observed at amino acid po- 
sitions 23 and 34 within the IFN-aa variants 



sequence between the three variant forms of IFN-a2 is shown in Fig. 6. The dif- 
ferences existing at positions 23 and 34 correspond to nucleotide differences at 
positions 137 and 170 in the IFN-«2 gene. The IFN-o gene coding sequences do 
not contain introns and corresponds to a complete transcript of the gene. In all 
cases, the differences between Arg and Lys at position 23 and Arg and His at 
position 34 correspond to single nucleotide changes at the second nucleotide of 
the triplet codon. 

The strategy for examination of these differences between the IFN-a2 variants 
is presented in Fig. 7. Isolated leukocyte genomic DNA, isolated from six differ- 
ent pools of buffy coat donors comprising a total of 28 039 donors, was amplified 
by polymerase chain reaction (PCR) using a primer set specific for all IFN-a2 genes. 
The product of this primary PCR amplification (primary PCR) was used as the 
substrate for specific restriction enzyme analyses. The ability of the restriction 



Fig. 7. Strategy for the 
amplification and analysis of 
the IFN-K2 gene locus. 
Primary PCR amplifies the a2 
gene sequence (without 
restriction). Secondary PCR 
amplifies the restricted 
product which remains after 
NIalll digestion 



Genomic DNA 



'I' 

Primary PCR of a2 



RE Digestion of IFN-a2a and a2b 

I 

Secondary PCR of IFN-a2 
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enzyme to cut or not cut, was used as a method to identify the presence of spe- 
cific nucleotide sequence patterns of IFN-aza, -zb, and -zc variants. All deter- 
minations of IFN-az variants were confirmed by a DNA sequencing analysis. 
Following the first round of restriction endonuclease digestion, uncut product was 
found to be present in some cases (i.e., using NIalll). This undigested product was 
purified and then amplified by a second round of PCR (secondary PCR). This 
method helped in identifying residual amounts of uncut PCR amplified DNA, 
which were due to: 

1. incomplete cutting of the IFN-azb sequence in the first round of nuclease 
digestion, and/or 

z. the presence of small quantities of IFN-azc. 

The results of the primary PCR analysis are shown in Fig. 8. Three different 
restriction endonucleases were chosen for their specificity: 

1. Hinfl cuts both IFN-azb and -zc; 
z. Maell cuts only IFN-azc; 

3. NIalll cuts IFN-aza and -zb. 



Predicted Fragment Size 



Enzyme 


INF 

a2a 


INF 

a2b 


INF 

a2c 


Hinfl 


1 

136 


95 


95 


Maell 


136 


60 


64 


NIalll 


60 


136 


136 


Hinfl + 
Maell 


136 


95 


64 


Hinfl + 
NIalll 


60 


60 


95 



z z 

n c c 

2 I I 



uncut 




* 136 bp 

« 95 bp 

« 60/64 bp 



' Pool of 250 Butfy Coats 

136 bp labeled fragment amplified by PCR with 5'-end radiolabeled primer ISI 14 (5' 
AGGGATGGTTTCAGCCTTT 3') and unlabeled primer IS1 13 (5' GGTAG CAGGAGGAC- 
CTTGATGC 3'); unlabeled fragments not seen 



Fig. 8. Analysis of the primary PCR product. The primary PCR product of 136 bp was incu- 
bated with or without restriction endonucleases prior to analysis by gel electrophoresis. In the 
table the calculated sizes of the predicted fragments based on the site of cleavage are shown. 
The gel presents the results obtained after cleavage. Lane 1, undigested 136 bp product; lane 2, 
Hinfl digest; lane 3, Maell digest; lane 4, Hinfl and Maell double digest; lane 5, Hinfl and NIalll 
double digest 
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Combinations of these enzymes were used to determine if any additional cuts 
might take place on the amplified IFN-az DNA. 

The results of these digests are presented in the gel shown to the right of Fig. 8. 
The first lane contains an uncut 136 bp PCR-amplified az DNA fragment. Lane z 
contains Hinfl-digested fragments. Lane 3 contains Maell digested fragments. 
Lanes 4 and 5 contain digests with combinations of Maell or NIalll with Hinfl. 
Analysis of these data confirms the following: 

1. az gene sequences cannot be detected in this preparation (see lane z); Hinfl 
does not cut aza and no uncut band was observed in lanes z, 4, or 5; 
z. the cut fragment in lane z may be either IFN-azb or -zc; 

3. Maell which cuts only azc.has only a minimal effect (see minor 60/64 bp band) 
on the fragment in lane 3. Both aza and -zb may also be present in lane 3; 

4. azb is the major constituent found in leukocyte DNA by the absence of aza in 
lane z and the presence of uncut fragments in lane 3. This observation is also 
confirmed by the mixture of Hinfl and Maell in lane 4, where the 95 bp IFN 
azb band is present (see chart in Fig. 8); 

5. there appears to be some uncut IFN-azc remaining, which may be present as 
a 95 bp band in lane 5. 



o 

<0 

_ _ 2 
c S « c 

. I 2 Z I 

— + + + + 



uncut 



■ Pool of 250 Buffy Coats 

136 bp fragment amplified by PCR with 5'-end radiolabeled primer ISI 14 (5' AGGGAT- 
GGTTTCAGCCTTT 3') and unlabeled primer ISI 13 (S' GGTAG CAGGAGGACCTTGA- 
TGC 3‘); unlabeled fragments not seen 




Predicted Fragment Size 



Enzyme 


INF 

a2a 


INF 

a2b 


INF 

a2c 


Hinfl 


136 


95 


95 


Maell 


136 


136 


64 


NIalll 


60 


60 


136 


Hinfl + 
Maell 


136 


95 


64 


Hinfl + 
NIalll 


60 


60 


95 



Fig. 9. Analysis of the secondary PCR product. The primary product, i.e., 136 bp, was obtained 
by PCR and digested extensively with NIalll. The undigested region (i.e., migrating at 136 bp) 
was amplified through a second round of PCR. This product is called the secondary PCR prod- 
uct. This secondary PCR product was subjected to restriction and analyzed by gel electrophore- 
sis. In the table the calculated sizes of the predicted fragments based on the site of cleavage are 
shown. The gel presents the results of the digestions. Lane 1, undigested 136 bp product; lane 2, 
Hinfl digest; lane 3, Maell digest; lane 4, NIalll digest; lane 5, Hinfl and Maell double digest 
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Restriction enzyme analysis of the secondary PCR product was also performed. 
The 136 bp fragment obtained after extensive digestion of the primary PCR prod- 
uct with NlaZ/f, was the starting material in this experiment. This fragment was 
incubated with NIalll overnight. The resultant material, a mixture of cut and uncut 
fragments, was then subjected to a second round of PCR. NIalll, which cuts IFN- 
aza and -zb gene sequences, may leave a residual amount of uncut 136 bp, which 
may correspond to an incomplete digest and/or the presence of small quantities 
of the IFN-azc gene sequence. The DNA amplified by the second PCR reaction is 
shown in Fig. 9. Lane 1 contains the uncut control material. In lane z the material 
was digested with Hinfl, which cuts azb and -zc. Lane 3 contains a digestion with 
Maell, which cuts azc but does not cut azb. The material in lane 4 was cut with 
NIalll which cuts azb but not -zc. Lane 5 contains a digest with both Hinfl and 
Maell which cuts both azb and -zc, generating two fragments of different sizes. 
Lanes 3 and 5 confirm that the sequences for IFN-azb and -zc are present in the 
secondary PCR-amplified material. Hence, after a long extensive digestion with 
restriction endonuclease NIalll and subsequently a secondary amplification by 
PCR, the sequence for IFN-azc could be detected. This IFN-azc gene sequence 
was confirmed by a DNA sequencing analysis (data not shown). 

IFN-azb appears to be the most abundant gene sequence observed in the buffy 
coat pools used in these studies. IFN-azc was a very minor component of this 
population, and IFN-aza was not present. These analyses were derived from the 
data generated on the protein product and the gene sequences within large 
populations. To determine if these three IFN-az sequences are found in different 
cells, a variety of cell lines were examined for IFN-aza, -zb, and -zc at the DNA 
and mRNA levels. A summary of these results is presented in Table 3. 



Table 3. IFN-a2 genes identified in cell lines 



Cell line 


Genomic DNA 




Sendai-induced RNA 


IFN-a2a 


IFN-a2b 


IFN-a2c 


lFN-a2a 


IFN-a2b IFN-a2c 


Namalwa 


no 


yes 


yes 


no 


yes 


yes 


U-937 


no 


yes 


no 


no 


yes 


no 


EB-3 


no 


yes 


no 


nd 


nd 


nd 


KG-1 


yes 


yes 


no 


nd 


nd 


nd 


K-562 


no 


no 


no 


nd 


nd 


nd 



nd, not determined. 



Five cell lines were chosen for analysis: Namalwa cell line, U-937, EB-3, KG-i, and 
K56Z. The K56Z line is a cell line known to lack IFN-a genes [13]. It was confirmed 
that the Namalwa cell line has genes for both IFN-azc and azb, and that the KG-i 
cell line, which was used to isolate the gene for IFN-aza, contains both IFN-aza 
and -zb gene sequences. All cell lines tested, except for K56Z cells, contain the gene 
sequence for IFN-azb, suggesting that this sequence is of significance. In order 
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to observe the frequency of the IFN-aa variants in the North American popula- 
tion.pools of huffy coats varying in size from 141 donors to 4500 or more donors 
were analyzed by PCR and restriction endonuclease digestion for the presence 
of IFN-aza, -ab, -ac gene sequences. A total population of a8 000 or more donors 
was examined. The results are presented in Table 4. In all cases, there were no IFN- 
aaa gene sequences detectable. IFN-aab gene sequences constituted > 99.9% and 
IFN-aac represented less than 0.1% of the total population analyzed. These studies 
confirm the absence of IFN-aaa in the protein product analyzed and supports the 
concept that IFN-aab maybe the predominant form of the natural IFN-aa gene 
sequence in the North American population. The IFN-aac variant that has been 
observed in the population is a very minor constituent in the North American 
population analyzed. 

Table 4. Frequency of IFN-a2 variants 



Leukocyte 

pools 


Buffy coats 
per pool 


IFN-a2a 


IFN-a2b 


IFN-a2c 


Individual buffy 
coats with IFN-a2c 


1“ 


4584 


0 


99.74 


0.26 


12 


1-1 


1084 


0 


98.75 


1.05 


11.4 


1-1-1 


141 


0 


94.7 


5.3 


7.5 


1-1-2 


276 


0 


98.4 


1.6 


4.4 


2-6 


23455 


0 


100 


0 


0 


Total 


28039 


0 


99.96 


0.04 


-12.0 



* Pool 1 is composed of four smaller units of which 1-1 is a part; pool 1-1 is also composed of 
smaller units, of which 1-1-1 and 1-1-2 are parts. 



It has been reported that there is a single locus for the IFN-aa gene on human 
chromosome 9 [14]. It is interesting that the predominant sequence observed in 
the population is that of IFN-aab and not that of IFN-aaa or -ac. Other investi- 
gators using small populations of donors [15, 16] have reported the absence of the 
IFN-aaa variant. Both sequences (i.e., IFN-aaa and -ac) have been identified in 
cell lines which are associated with hematologic abnormalities and they do not 
appear to be well-distributed in the general population. 

In summary, the predominant IFN-aa gene sequence identified in the North 
American population is that of IFN-aab. This identification is based on an exten- 
sive analysis of 

1. the protein expressed upon a viral challenge of normal human leukocytes and 
a. the gene sequences present in a large population of individuals. 

There are three forms of recombinant IFN-aa available for clinical use. These three 
forms have been shown to be clinically effective in combating various disease 
states. The difference between these preparations at the primary molecular level 
corresponds to single amino acid differences among each of the three IFN-aa vari- 
ants. The origin of these specific differences in the IFN-aa gene sequences is un- 
known, but it is interesting that 
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1. the predominant IFN-a2 gene sequence in the population is that of IFN-a2b; 

2. the IFN-a2a and -2c gene sequences were isolated from cell cultures of trans- 
formed cell lines; 

3. when IFN-a2a or -2c are identified, they are one part of a heterozygous pair 
with the IFN-a2b allele (i.e., -2a/-2b or -2c/-2b) and not found in the ho- 
mozygous state (i.e., -zal-ia, or -2c/-2c); and 

4. the differences between these sequence changes are due to a single mutational 
transition of A and G at each amino acid position [e.g., aa^^: Arg to Lys (G to A 
transition); aa^^: His to Arg (A to G transition)]. 

The significance of these differences in clinical use has yet to be determined. It is 
also interesting to note that different variants of IFN-az induce different levels 
of anti-IFN neutralizing antibodies when administered to patients [17, 18]. This 
varied antigenic potential of the different forms of recombinant IFN-az may be 
a response to an altered molecular structure or conformation of the IFN-az mol- 
ecule. The significance of both a single amino acid change and the absence of 
glycosylation routinely found on natural IFN-oczb will be determined with 
expanded clinical experience. 
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CHAPTER 2 



The Role of Endogenous Interferon-a in HIV Infection and 
Autoimmune Diseases - An Overview 

G. Tossing 



Acid-Labile Interferon-a in HIV Disease 

In the course of HIV infection, the role of interferon-a (IFN-a) seems to be rather 
paradoxical: “It is possible to view alpha-IFN as either a therapeutical agent or as 
a major contributor to the pathology associated with AIDS.” (S. Krown, 1992). 

IFN-a is used as a standard treatment in acquired immunodeficiency syn- 
drome-(AIDS-)associated Kaposi's sarcoma (AIDS-KS) and is indicated in sev- 
eral complications which may occur concomitantly with HIV-infection (HIV- 
associated immune thrombocytopenic purpura, non-Hodgkin's lymphoma, 
carcinoma. Hepatitis C, herpes simplex infections). 

High levels of an unusual acid-labile IFN-a are, in contrast, a negative prog- 
nostic marker related to disease progression and to the probability of response 
to IFN-a therapy [1, 2]. 



Deficiency of Naturai iFN-a Production in HiV infection 

The induction of endogenous IFN-a production in HIV infection diverges from 
the“classical” pathway in which virus-infected cells are stimulated to produce IFN-a. 
This may be due to the fact that monocytes and macrophages change cell func- 
tion already at an early stage of the disease [3] . If stimulated by other viruses such 
as Sendai Aurus and herpes simplex virus, peripheral blood monocytes (PBMCs) of 
HIV-infected individuals will not express normal IFN-a [4], a defect arising from a 
differential IFN-a gene expression [5]. 

While other accessory cell (AC) ftmctions are maintained, “it appears that only 
the IFN-producing cell population (IPC) is deficient (whether functionally or 
numerically) in the AIDS patients” [6]. Since AC function and IFN production are 
in general two distinct functions of the same population of cells, a selective down- 
regulation of one but not the other function may occur." If, indeed, the IPCs are still 
present in the AIDS patients but are deficient in the ability to produce IFN, then 
strategies might be developed to restore this function” [6]. The restoration of IFN- 
a production may prove to be advantageous for the patient. Only recently Lallemand 
et al. described a mechanism which inhibits IFN-a production by HIV-infected cells, 
arising from changes at the transcription factor level [7]. They observed the expres- 
sion of IFN genes in PBMCs and in U937 cells infected with HIV-i. 

Normally transcription of IFNA5 and IFNA8 genes leads to the production of small 
amounts oHFN which stimulates the transcription factor ISGF3 (IFN-stimulating 
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gene factor 3), a mediator of the biological action of type I IFNs. Viral escape mecha- 
nisms against IFN action by inhibition of the IFN-signsJ transduction pathway/ISGF3 
has already been described for adenovirus and hepatitis B virus [8-10]. In HIV- 
infected cells the expression of the IFN genes is markedly reduced, which is associ- 
ated with the diminished expression of the major histocompatibility complex (MHC) 
class 1 antigens and the disappearance of a putative transcription factor HIC (HIV- 
inhibited complex) in vitro.“’&eatment of HIV-infected U937 cells with recombinant 
IFN induced the appearance of HIC in nuclear extracts concomitantly with an inhi- 
bition of the replication of HIV as determined by reverse transcriptase activity” 

[7]. 

There is another population of IFN-a producing cells (IPCs) which is a non- 
phagocytic HLA-DR-h cell lacking most cell surface markers typical of T cells, 
B cells, natural killer (NK) cells, and monocytes. This population, the natural 
IFN-a producing cells (NIPC), has been hypothesized to be long to the dendritic 
cell lineage [11]. The recent data of Feldman et al. suggest that the NIPCs are even 
more susceptible to defects in IFN-a production than are the monocytes, which 
is possibly due to differences in the activation pathways of these cell types [12]. 
The IFN-a produced by dendritic cells is important for their antigen-presenting 
function. Diminution of IFN-a production can lead to a decrease in NK cell lysis 
of HIV-i infected targets and may result in enhanced HlV-i replication. Thus a 
defect in IFN-a production by dendritic cells, and possibly monocytes or 
macrophages, could have a significant effect on antiviral T-cell immune responses 
that are regulated by T-helper cells. 

It is reasonable to assume that synthesis and shedding or secretion of HI V -derived 
peptides into the circulation during HIV infection may result in the suppression of 
the production of various cytokines by effector cells. Tyring et al. [13] showed that 
certain synthetic peptides corresponding to specific sequences of HIV envelope 
proteins gp4i and gpi20 enhanced in vitro production of IFN-a, IFN-y, and 
interleukin-2 (IL-2) by peripheral blood lymphocytes. 

Differential effects of HIV-i envelope protein gp 120 on IFN production by mono- 
nuclear cells from adults and neonates have also been recently observed [14] and 
are proposed to explain some of the differences in the natural course of HIV infec- 
tion in these individuals.'Tncreased suppression of IFN-a and IFN-y production by 
gp 120 in neonates may partially explain their apparent increased susceptibility to 
the clinical progression of HIV infections compared with that of adults” [14]. 
Although the complete mechanism is not fully understood, the suppression may in 
part explain the unique immunologic status of the perinatal period with the 
increased susceptibility of the fetus and neonate to HIV infection and its progres- 
sion to AIDS. 



Spontaneous Induction of Acid-Labile IFN-a and Pathogenetic Consequences 

High serum levels of IFN-a have been reported in patients during the later stages 
of HIV infection [1, 15, 16]. The apparent discrepancy between deficient produc- 
tion on one hand and overexpression on the other may perhaps be explained by 
the presence of the so-called acid-labile IFN-a [17-19], previously described in 
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autoimmune diseases such as systemic lupus erythematosus (SLE) and rheuma- 
toid arthritis. 

Acid-labile IFN-a may represent a dysfunctional IFN that may lead to immune 
suppression by inhibiting the production or effect of normal IFN [3, 19]. The 
down-regulation of IFN-a receptors on PBMCs by endogenous IFN may be 
responsible for a poor response to exogenously applied IFN-a [1, 20]. 

The interaction of the HIV envelope component gp 120 and the cell-associated 
CD4 antigen has been shown to induce IFN-a production in vitro in PBMCs or 
monocytes of seronegative donors; this might represent a possible pathway for the 
induction of the unusual endogenous IFN-a in HIV-infected individuals [21, 22]. 
This would agree with the finding that serum levels of the acid-labile IFN-a can be 
efficiently down-regulated by antiretroviral therapy with nucleoside analoges [23] . 

The acid-labile IFN-a was found to be a major contributor to the pathological 
events associated with AIDS. It stimulates the receptor expression of tumor necrosis 
factor-a (TNF-a) and induces its enhanced production, which contributes to CD4+ 
T-cell depletion and cachexia in the late stages of HIV infection [24]. This unusual 
endogenous IFN-a has been identified as an intrinsic barrier which prevents the 
highly potent antiretroviral agent IFN-a from working appropriately against HIV. 



Inclusion of Endogenous IFN-a in Therapeutic Strategies 

Further intervention strategies in HIV infection may also include the suppression 
of endogenous IFN-a levels in order to optimize the outcome of the therapeutic 
use of IFN-a. 



Assays for Endogenous IFN-a 

Markers or endogenous IFN-a maybe a useful tool for predicting responses to 
exogenous IFN-a treatment. 

As the serum half-lives of different IFN-as are short, it is difficult to estimate the 
extent of activation of IFN in viral diseases in general. By measuring IFN-induced 
proteins, one can detect the presence of biologically active IFNs much more con- 
sistently. 

In retroviral infections (2'-5') oligoadenylate synthetase (2-5 AS) is involved 
in the major defense mechanism [25], and 2-5 AS activity can be used as a marker 
for IFN antiretroviral activity. Recently W. E. G Muller, Mainz, developed a radio- 
immunoassay RIA) which is able to determine the concentration of (I's') 
oligoadenylates in peripheral blood. This is a convenient method for measuring 
the byproducts of 2-5 AS and has the same reliability as determining the enzyme 
activity itself (W. E. G. Muller, personal communication). However, the higher 
activities of the intracellular isozymes of 2-5 AS are not specific for IFN activity 
in vivo; these enzymes can be induced by several other stimuli [26]. 

The human Mx protein with a molecular weight of 78 kDa was identified by von 
Wussow et al. in 1990 [27] and seems to be specific for the biological activity of type 1 
IFNs. High levels of Mx protein have been reported in AIDS and SLE patients [28] . 
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Identification of Predictive and Evaiuative Response Markers for the Treatment 
of HIV-Infected Patients with IFN-a 

In order to integrate the knowledge of intrinsic IFN in HIV infection into future 
therapeutic approaches an open, nonrandomized, multicenter clinical study was 
designed to evaluate predictive markers for response in patients with AIDS-KS 
treated with a standard therapy of IFN-azb. This international cooperative trial is 
coordinated by the KAAD (Klinische Arbeitsgemeinschaft AIDS Deutschland, 
translated as Clinical Working Group on AIDS in Germany). The response to 
treatment of 120 patients will be evaluated to the following laboratory parameters 
which provide information on the spontaneous production of endogenous IFN 
by measuring: 

a) IFN titers in the serum 

b) peripheral (I'-s') oligoadenylates 

c) Mx protein 

d) titers and functional characterization of IFN antibodies. 

The results of the first measurements of spontaneous endogenous IFN production 
(pretreatment data) will be used for evaluative stratification. 



Approaches to Restore IFN-a Functions in HIV-Infected Individuals 

During the recent congress on Cytokines in HIV, Reims, March 1995, it was em- 
phasized that the relevance of a major cytokine dysregulation should be properly 
estimated in all future therapeutical trials. It was pointed out that there is no rea- 
son why IFN-a, a highly potent antiviral drug, cannot act in HIV infections. The 
poor effect in vivo in contrast to in vitro results was explained by the fact “that 
IFN-a was not correctly used” (R M. Pitha-Rowe, USA). There is an “intrinsic 
barrier” which hinders IFN-a from acting appropriately against the virus. This 
raises the question: “What does the virus do to the IFN-a production in HIV- 
infected individuals?” [29] However, the phenomenon of an unusual IFN-a pro- 
duction was put down to the fact that a viral immune escape occurs due to changes 
of the IFN gene distribution [30]. 



Gene Therapy Approaches 

The approaches to restore IFN-a function which were described at the Reims 
congress are limited to bypassing the inhibition by placing the IFN genes under 
the control of retroviral LTR sequences [29,31]. The transduction of IFN-a genes 
into cells and monocytes leads to a low constitutive but highly inducible IFN-az 
synthesis upon infection with HIV-i [29]. Based on these data future therapy with 
IFN-a genes is a highly promising attempt to intervene in HIV infection. 
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The Role of Acid-Lability Inducing Activity 

The success of all efforts to restore endogenous IFN-a function will depend on an- 
swering the question: Is the unusual IFN-a which was found in AIDS and SLE pa- 
tients intrinsically deficient in its functions? 

It was reported by Yee et al. [32] that IFN-a associated with SLE is not intrinsi- 
cally acid-labile. The apparent acid-lability was found to be conferred to the IFN 
molecule by an acid-lability inducing activity (ALIA) present in the circulation 
of SLE patients. Preliminary results indicate that IFN-a in the serum or plasma 
of AIDS patients is also not intrinsically acid-labile, and it appears that a serum 
or plasma factor similar to ALIA may also be present AIDS patients (Y. K. Yip.N.Y., 
personal communication). 

Determining the structure and function of acid-labile IFN-a in AIDS and SLE 
disease will elucidate the structural characteristics of IFN-a found in the circu- 
lation of these patients. Some fundamental issues that need to be addressed in- 
clude the following: 

a) Structural determination of IFN-a in AIDS and SLE patients, 

b) Determination of the significance of endogenous IFN-a in AIDS and SLE 

c) The nature and significance of ALIA in AIDS and SLE. 

If the normal function of endogenous IFN-a can be restored by antagonizing ALIA, 
this will lead to a broad spectrum of consequences and possibilities for further in- 
tervention in these diseases. 



The Similar Courses of AIDS and SLE: New Insights 

Retroviral Etiology of SLE 

Much attention has been devoted to the autoimmune manifestations of HIV-i 
infection. The general mechanisms involved in the induction of autoimmunity by 
HIV-i may well be shared by other retroviruses [23]. Retroviruses have long been 
suspected to be etiologic agents in human autoimmune diseases [34], and recent 
results provide circumstantial evidence for their involvement in the pathogenesis 
of human SLE [35]: the virus involved in this disease has been identified as a type 
C retrovirus (Fig. 1). 

Other circumstances of viral involvement in so-called autoimmune diseases 
have very recently been studied, which raised the question: “When is autoimmune 
disease not an autoimmune disease?” [36] Toivanen et al. studied the possibility 
of viral involvement in the etiology of reactive arthritis (ReA) using the polymer- 
ase chain reaction. In selected cases there was evidence that the presence of 
parvovirus B 19 in the peripheral blood and the synovia of ReA patients may be 
related to disease progression. Given that ReA is predominantly a T-cell-mediated 
disease, it is noteworthy that T cells from the synovium in ReA patients will pro- 
liferate in vitro in response to the triggering organism. 
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Fig. 1 . Hypothetical mechanism of type 1- and type 2 - responses in AIDS and systemic lupus ery- 
thematosus (SLE). (For abbreviations, see text) 
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Autoimmune Phenomena and Acquired Immune Deficiency: A Hypothetical Model 

The unique endogenous IFN-a associated with AIDS and SLE provides even more 
evidence of a common background of these two diseases which are the hallmarks 
of the different sides of the immune spectrum. 

Clerici et al. viewed the Thi-Thi model of HIV infection in a recent publication [37] 
creating a new model for AIDS and autoimmune diseases (Fig. 1 ). At first a relatively 
small number of CD4+T-helper (Th) cells are infected by HIV [38] which are mainly 
Th2-like cells. CD4+Thi-like cells are depleted by dominant type 2 cytokine-induced 
programmed cell death (PCD), which causes a selective loss of cellular immune responses. 
The proportion of Thi- and Th2-like cells change in favor of Th2, leading to the viral 
permissive side of T-cell states. This results in an increase in viral load. Thi-clones also 
become susceptible to HIV production in the presence of type 2 cytokines. 

In SLE similar events maybe initiated via a Thi pathway. Thi is a crucial element 
of the human immune system. In general it is not at all viral-permissive, but it may 
become susceptible under specific conditions, e.g., the simultaneous presence of 
genetic defects in the Thi clone and a type of ubiquitous retrovirus (called “type C” 
in Fig. 1). An abnormal B cell function suppresses the Th2 response, and an abnor- 
mal dominant cellular immunity provides antibodies which are not produced 
under normal conditions. 

In the case of both AIDS and SLE ALIA is present and confers acid lability on 
the endogenous IFN-a. It is not yet known where ALIA is derived from. It seems 
not to be virus-associated since no retroviral sequences have been found. It would 
be worthwhile to test whether it may develop under certain pathophysiological 
conditions from (aberrant functions of) dendritic cells. 



Autocrine T-Cell Activation and Autoimmunity 

Although the Thi-Th2 model provides a valuable framework for investigating 
immune reactions, cytokine-producing T cells may not be stringently classified 
into discrete subsets. Thi and Th2 cells are probably extreme phenotypes of a 
continuous spectrum, one representing the “activity side” of the T-helper cell 
function (Thi) and the other the “indolence side” (TI12) [39]. Recent data on the 
dendritic cell system reveal the subtle involvement of T-helper cell function [40] 
which will be more clearly defined when a precursor of dendritic cells in pe- 
ripheral blood has been identified [41] . 



The Role of the Dendritic Cell and Its Regulation by IFN-a 

IFN-a seems to be the key cytokine which regulates the interaction of dendritic 
cells (dc) with their currently hypothetical precursors (dc' in Fig. 2) in an 
autocrine activation pathway (Fig. 3). Dendritic cells differentiate from CD34-I- pro- 
genitor cells generated by CD40 ligation and are closely related to the monocyte/ 
macrophage lineage (Fig. 2). They are “professional” antigen-presenting cells (APCs) 
with the unique capacity to cluster naive T cells [42]. 
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Fig. 2. The dendritic cell (dc) within the process of hematopoiesis (CFU-G, colony forming units- 
granulocytes; CFU-GM, colony-forming units-granulocytes/macrophages) 




Fig.3. Direct and indirect regulation of activated T-cells in hematopoiesis (G-CSF, granulocyte 
colony-stimulating factor; HPC, human progenitor cell. See text for other abbreviations) 
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An autocrine mechanism of T-cell activation may be postulated on the basis of 
its dependence on several cytokines and growth factors (Fig. 3). 



Pathogenicity in Autoreactive T Cells 

In the majority of autoimmune diseases, the initiating autoantigen is unknown. 
However, much is known about the induction and regulation of specific T-cell 
responses. Understanding and controlling the process of T-cell-mediated 
autoimmunity is the major precondition for using targeted immunotherapeutic 
strategies avoiding the aberrant recognition of self-antigens. 

The role of the MHC genes has been elucidated by H. McDevitt in a nonobese 
diabetic mouse model where higher levels of immunoglobulin Gi (IgGi) and IgE 
revealed that the transgene was able to switch the autoimmune T cell response from 
the Thi- to the Thi-type [43] . So the question is: what determines pathogenicity in 
autoreactive T cells, and what is the role of infectious agents in the induction and 
maintenance of disease? 

The fact that autoreactive T cells are crucial in the immunopathogenesis of mul- 
tiple sclerosis (MS) has recently been shown [44] and this provides the basis for 
innovative immunotherapies in this field. In the USA IFN-p has been approved by 
the Food and Drug Administration as the first immunomodulatory treatment of 
MS [45]. The exact mechanisms by which IFN-P mitigates the course of MS are poorly 
understood but probably include antagonistic effects on proinflammatory cytokines 
such as IFN-y and TNF-a which are potent inducers of MHC class II antigens and 
adhesion molecules in target tissues. The fact that IFN-y stimulates Ca(II)-ion in- 
flux in CD4+ T cells of MS patients (but not of healthy individuals) may suggest that 
the T cells in these patients are pre-activated. 

The activated effector T cells that cause an autoimmune disorder can probably 
cure the disease if administered in a large dose [46] . Experiments in a NOD mouse 
model supported this assumption: vaccination with increased numbers of auto- 
immune T cells can cure autoimmune diabetes [46]. 



Polyclonal B and T Cell Activation 

In systemic diseases in particular polyclonal B cell activation has been consid- 
ered a contributing or initiating mechanism of autoimmunity. However, the pri- 
mary importance of exogenous polyclonal B cell activators is questionable for 
different reasons [47]: 

a) The preference of high-affinity IgG autoantibodies in tissue damage in SLE (in- 
stead of IgM induced by the activator) 

b) T cell participation in the expression of autoimmune disease shown in animal 
models 

c) Involvement of genetic predisposition in addition to exogenous polyclonal 
B-cell-activation 
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So the stimulation of a large set of T cells (polyclonal T-cell stimulation) remains 
another possible scenario [47]. T cells that react with MHC class Il-bound 
superantigens on B cells lead to the production of polyclonal immunoglobulins 
and, in some cases, to autoantibodies. Alternatively, the activated T cells themselves 
may induce tissue damage through crossreactions with self-molecules. 

In this context it may be worthwhile to investigate more throughly the involve- 
ment of the dendritic cell system in the activation of T-cells. A modulation of the 
antigen-presenting functions of dendritic cells by cytokines and growth factors 
(Fig. 3), e.g., IFN-a or granulocyte-macrophage colony-stimulating factor (GM- 
CSF), will lead to increased tumor immunogenicity. It has also become apparent 
that a regulation of the dendritic cell system is a promising approach to immu- 
nological therapy of T-cell-mediated diseases in general. 
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CHAPTER 3 



Treatment of Chronic Viral Hepatitis with 
Interferon-a 

C. Niederau, T. Heintges, R Hensel, W. Petty, Ch. Niederau, and D. Haussinger 



Introduction 

Chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) is prob- 
ably the most common cause of chronic hepatitis, cirrhosis and liver cancer in the 
world. Both viruses are able to mutate quite efficiently under an immune pres- 
sure by the host or in response to antiviral therapy. These mechanisms are prob- 
ably responsible for both the insufficient clearance of these viruses after infec- 
tion by the host and also for the as yet insufficient success rates of antiviral therapy. 
Interferon-a is currently the standard therapy for chronic HBV and HCV infec- 
tions. Since long-term success rates, defined as the complete clearance of the virus, 
range only between io% and 50% depending on various factors in both viral in- 
fections, further improvement in antiviral therapy is urgently needed. This review 
analyzes the current response rates to interferon-a therapy in chronic hepatitis 
B, C, and D and discusses the limitations and problems of this therapy. Since the 
success rate is limited and the therapy may be associated with side effects, spe- 
cial emphasis must be placed on an optimal selection of patients. Table 1 summa- 
rizes the major aspects of interferon therapy in different types of chronic viral 
hepatitis. 



Hepatitis B 

An antiviral therapy with interferon-a is recommended for patients with chronic 
hepatitis B envelope antigen-(HBe-Ag-)positive hepatitis B in the presence of 
elevated transaminases and histological evidence of chronic active hepatitis. In 
general, the presence of HBe-Ag is associated with an increased level of HBV DNA 
as measured by the blot technique. Measurement of HBV DNA levels is used to 
monitor the success of the therapy. Hepatitis B surface antigen (HBs-Ag) carri- 
ers, HBV DNA- and HBe-Ag-negative patients with normal serum transaminases 
do not require therapy with interferon-a. A subgroup of patients exist who are 
HBe-Ag-negative but HBV DNA-positive and have elevated levels of serum 
transaminases. Mutations in the precore region are responsible for this constel- 
lation. This subgroup will be discussed separately. Patients with chronic hepati- 
tis B in the presence of HBe-Ag and HBV DNA are treated with a dose of 5-10 
million U interferon-a for approximately 6 months. A successful clearance of the 
virus is often preceded by a transient, but marked increase in serum trans- 
aminases. Clearance of HBe-Ag is usually associated with clearance of HBV DNA 
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Table 1 . Interferon therapy in different types of chronic viral hepatitis 



Indications: 

Elevated transaminases, histology of chronic active hepatitis 

- Hepatitis B: detection of HBs-Ag, HBe-Ag and/or HBV DNA 

- Hepatitis C: detection of anti-HCV antibodies and HCV RNA 

- Hepatitis D: detection of HBs-Ag and anti-HBV antibodies and HDV RNA 

- Hepatitis G: not exactly known (detection of HGV RNA?) 

Contraindications: 

- Autoimmune hepatitis or thyroiditis 

- Advanced cirrhosis (Child B/C) 

- Severe thrombocytopenia (< 30 000/pl) or leukocytopenia (< 2000/pl); may be necessary to reduce 
interferon dose 

- History of endogenous depression, schizophrenia, or cerebral convulsion 

- Pregnancy 

- Terminal renal deficiency, severe cardiac disease, carcinoma 
Practical therapy: 

- Self-administration of interferon by the patient with the help of the physician 

- Learning of the technique of s.c. injection by the patient 

Cessation of therapy: 

- Severe complications, in particular worsening of liver function and signs of hepatic decompen- 
sation 

- Rise of transaminase levels after initial normalization in hepatitis C during therapy (“break- 
through”) 

Primary success rates (during therapy): 

- Hepatitis B: 40%-50% 

- Hepatitis C: 50%-60% 

- Hepatitis D: 25%-40% 

- Hepatitis G: not exactly known (probably relatively high) 

Relapse rates (after cessation of therapy): 

- Hepatitis B: < 15% 

- Hepatitis C: 50% 

- Hepatitis D; probably 40%-50% 

- Hepatitis G: not exactly known (probably > 50%) 

Interferon dosage: 

- Hepatitis B: 5-10 million U interferon three times per week for 4-6 months 

- Hepatitis C: 3-5 million U three times per week for 6-12 months 

- Hepatitis D: at least 5-10 million U three times per week for 6-12 months (?) 

- Hepatitis G; unknown 

Monitoring of therapy: 

- Hepatitis B; HBs-Ag, HBe-Ag, and HBV DNA every two months; cessation of therapy 2 months after 
clearance of HBe-Ag and HBV-DANN; prolongation of therapy for more than 6 months if HBV DNA 
is near normal, but HBe-Ag is still positive 

- Hepatitis C; cessation of therapy if transaminase levels (or HCV RNA?) are still elevated 12 weeks 
after start of therapy 

- Hepatitis D: HDV RNA (no accepted further recommendations) 

- Hepatitis G: HGV RNA (no accepted further recommendations) 

Control investigations: 

- Initially every two weeks, later once a month 
Clinical evaluation: 

- Serum transaminases, leukocyte and thrombocyte counts, haemoglobin, bilirubin, prothrombin 
time 

- Thyroid hormones and TSH every two months (in some cases also antibodies against thyroid pro- 
teins) 

Evaluation of therapeutic success: 

- 3-6 months after end of therapy, in hepatitis C further control 1 2 months after cessation of therapy 

- Histological control not before 6 months after end of therapy 
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and is later followed by a normalization of serum transaminase levels. The stand- 
ard therapy of 5-10 million U of interferon-a given three times a week for 
6 months results in HBe-Ag clearance in 40%-50% of patients [1-4]. Although 
HBs-Ag is eliminated by this form of therapy in only about 10% of patients at the 
time at which HBe-Ag is cleared, some reports indicate that there may be a later 
spontaneous clearance of HBs-Ag, often many years after the end of interferon 
therapy. The rates of this later clearance of HBs-Ag, however, vary widely accord- 
ing to the literature, from about 25% in Spain [5] to 70% in the US [6]. 

Cessation of viral replication (loss of HBe-Ag and HBV DNA) is not only fol- 
lowed by a normalization of serum transaminases levels but also by an improve- 
ment in histological damage and probably also an improvement in the clinical 
outcome and survival [7] . Thus, interferon-induced clearance of HBe-Ag is asso- 
ciated with a degree of clinical improvement that is as good as the spontaneous 
clearance of HBe-Ag in patients with chronic HBV infection. Relapses after clear- 
ance of HBe-Ag are rare, especially when compared with the high relapse rates 
reported following interferon therapy for HCV infection. 

Since less than half of the patients with chronic HBV infection have a long-term 
benefit from interferon therapy, good selection of patients might improve the 
overall success rate. A low level of HBV DNA (measured by blot hybridization) and 
to a lesser degree a high level of serum transaminases are the most important 
factors which predict a good response to interferon-a therapy in chronic hepati- 
tis B [1, 3, 4, 8-11] . Although the response rates in the presence of very high levels 
of viral replication are rather low, there is no absolute threshold level of HBV DNA 
which may exclude patients from therapy. In general, young patients with an in- 
dication of ongoing liver cirrhosis should receive interferon therapy in any case. 
The selection criteria are more helpful in older patients. Also with respect to age, 
there is no absolute threshold to exclude patients from therapy. Patients who have 
acquired hepatitis B in early childhood or perinatally are less likely to benefit from 
interferon therapy. The long-term success range may be as low as io%-20% in 
these patients. The presence of cirrhosis also limits the potential of interferon 
therapy in chronic hepatitis B. However, patients with Child A cirrhosis may 
respond well to interferon therapy. Special caution has to be taken with patients 
with advanced cirrhosis (Child B or C), because interferon therapy may induce a 
fatal liver failure in these patients. A history of an acute hepatitis with jaundice, 
and the age and sex do not play a major role in the selection of patients [1, 8, 11]. 
A concomitant infection with hepatitis D virus (HDV) or human immunodefi- 
ciency virus (HIV) markedly decreases the efficacy of interferon therapy in 
chronic hepatitis B [11]. The success rates of interferon therapy for chronic hepa- 
titis B in children maybe as high as in adults provided that the children have not 
acquired the disease perinatally [11]. 

Treatment of patients with HBe-Ag-negative mutants of the hepatitis B virus 
remains a problem. The initial success rates are somewhat lower than in patients 
infected with HBe-Ag-positive virus; in particular the relapse rate after the end 
of therapy is much higher when compared with the wild type viral infections [12, 
13] . Thus, it is usually recommended to increase the dose and duration of therapy 
for treatment of HBe-Ag-negative mutant virus infections. Nevertheless, the long- 
term success rates in this group of patients are still poor. In Central Europe, HBe- 
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Ag-negative mutants only account for 10% of patients who are treated with in- 
terferon-a for chronic hepatitis B. This percentage may increase to about 50% in 
southern Europe and some non-industrialized countries. 



Chronic hepatitis D 

Chronic hepatitis D, especially the superinfection of HBs-Ag-positive patients with 
HDV, is associated with a severe chronic liver disease and often with a rapid pro- 
gression to cirrhosis. Thus, this group of patients urgently needs effective anti- 
viral therapy. Unfortunately, the response rate to interferon-a therapy is low in 
chronic HBV/HDV infection. The poor long-term response rates are mainly 
explained by a high rate of relapse after the end of therapy [14, 15]. Recent trials 
have therefore extended the duration of therapy up to 12 months [16]. Preliminary 
reports suggest that a longer therapy may improve the long-term response rates. 
In Central Europe chronic HDV infection is rare and only accounts for a small per- 
centage of patients with chronic hepatitis B. This rate is much higher in southern 
European countries such as Italy or Spain. 



Chronic hepatitis C 

Antiviral therapy of chronic hepatitis C is still a problem; however, interferon-a 
is also the standard therapy for this infection. However, the dose and duration of 
therapy as well as the criteria for selecting patients remain as yet ill-defined. There 
are also controversies about the monitoring of the therapy and about the man- 
agement of relapses. The recommended dose of interferon-a ranges widely in 
different countries from 3 to 10 million U, usually given three times weekly. Also 
the recommended duration of therapy ranges widely between 4 and 12 months, 
with many physicians treating the patient for 6 months. Interferon-a therapy with 
a dose of 3-5 million U given three times weekly for 6 months results in response 
rates of between 40% and 50% if a response is defined as the normalization of 
serum transaminase levels during interferon therapy. With this definition more 
than 50% of patients have a relapse (an increase in serum transaminase levels) 
after the end of therapy [7, 17-20] . Many patients who have normal transaminase 
levels during therapy also have negative results for HCV RNA at that time. Almost 
all patients who relapse (increase in serum transaminase levels after the end of 
interferon therapy) also have a recurrence of HCV RNA which indicates a recom- 
mencement of viral replication (for review see [21]). 

Many authors currently define a successful antiviral therapy in chronic hepa- 
titis C patients as a clearance of HCV RNA from the serum. Recommendations 
about dose and duration and about selection of patients for therapy, however, 
come from studies which regarded the normalization of serum transaminase 
levels as the definition of a successful therapy. Thus, many questions may be an- 
swered differently after the completion of studies in which the response is defined 
as long-term clearance of HCV RNA. In contrast to chronic hepatitis B, a good 
response to interferon in hepatitis C patients can be seen already a few weeks after 
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the initiation of therapy by a rapid decrease in serum transaminase levels. As 
already described, a normalization of serum transaminase levels is often associ- 
ated with the clearance of HCV RNA. There are some studies which suggest that 
patients who have abnormal transaminase levels 10-12 weeks after the beginning 
of interferon therapy are very unlikely to experience a long-term clearance of the 
virus. It is therefore usually recommended to stop therapy at this time if the 
transaminase levels are still elevated. Recent results suggest that detection of HCV 
RNA 12 weeks after the start of therapy indicates that interferon is not able to clear 
the virus on a long-term basis. Thus, some centers already recommend discon- 
tinuing the therapy if HCV RNA is still detectable 12 weeks after the start of 
therapy. Most authors agree that for patients who still have elevated transaminase 
levels and positive HCV RNA 12 weeks after the beginning of therapy, an increase 
in the dose of interferon does not have any benefit for the patient and does not 
improve the long-term success rate. 

However, there are many hints from recent studies that the success rate of inter- 
feron therapy in HCV infection might be improved by using a higher dose of inter- 
feron and especially by prolonging the therapy (for review see [7, 21]). A meta- 
analysis of the literature clearly shows that therapy over 12 months is associated 
with a twofold higher long-term response rate when compared with the usual 
6-month therapy [7] . It is as yet unknown which dose of interferon should be used 
for a long-term therapy. Therapeutic regimens with doses exceeding 5 million U 
given three times a week for more than 12 months would give rise to clinical prob- 
lems and a considerable number of side effects. 

The selection of patients who are good candidates for interferon therapy is 
perhaps most important in the case of chronic hepatitis C in light of the poor 
overall long-term response rates. However, there are still many problems with the 
selection of patients. Recent studies indicate that the response rate correlates with 
the genotype of the virus; in particular patients with genotype iB respond poorly 
to interferon [22-25]. Unfortunately, most patients with HCV infection in Cen- 
tral Europe are infected with a virus of this genotype. However, this unfavorable 
genotype does not exclude these patients from therapy, especially if the patient 
is young and has a high risk of developing cirrhosis in the long-term. Thus, 
genotyping is mainly helpful in patients in whom the necessity of therapy remains 
doubtful, especially when patients are older or have already developed cirrhosis. 
Patients with advanced cirrhosis due to chronic hepatitis C have a low response 
rate to interferon therapy and usually should not be treated. The response rate is 
inversely correlated with the level of circulating HCV RNA; i.e., low levels of HCV 
RNA are associated with a high success rate [23, 26, 27] and high levels are asso- 
ciated with a low response rate [24, 26, 28]. Some authors have also suggested that 
unfavorable genotypes are associated with high levels of HCV RNA and favorable 
genotypes are associated with low levels of HCV RNA. The validity of these 
associations, however, remains to be corroborated by further studies. Unfortu- 
nately, especially patients with high levels of HCV RNA and ongoing liver fibro- 
sis need effective antiviral therapy with interferon most urgently, but as yet, the 
response rate to interferon is low in those patients. 

The recommended and approved interferon-a dosage for chronic HCV infec- 
tion in Germany is 3 million U given subcutaneously three times a week for 6 
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months. The long-term success rates are defined by a long-term clearance of HCV 
RNA and are less than 20% [7]. From recent studies and reports in the literature, 
it is very likely that an increase in the dose to at least 5 million U three times a 
week and prolongation of the therapy to at least 12 months will double the long- 
term response rate. Thus, the approval of this change in therapeutic recommen- 
dation is needed. The costs of such a long-term treatment will be limited by the 
fact that all the patients who do not have a complete response after 12 weeks of 
therapy (response defined by normalization of transaminase levels and loss of 
HCV RNA) should not be further treated. Patients who experience a relapse (in- 
crease in serum transaminase levels or detection of HCV RNA) during prolonged 
interferon therapy (“breakthrough phenomenon”) do not need to be further 
treated either, because the probability of a long-term success is very low in these 
patients. However, patients who respond to therapy with normalization of 
transaminase levels and clearance of HCV RNA should be treated longer than 
normally recommended, especially if they are young. 

HCV infection is known to be associated with a number of autoimmune phe- 
nomena. These include, essential mixed cryoglobulinemia [29, 30], glomerulone- 
phritis [31], autoimmune thyroiditis [2, 32], and many others. Some of these 
autoimmune diseases and phenomena respond well to interferon therapy such 
as mixed cryoglobulinemia, whereas others such as autoimmune thyroiditis may 
be worsened or even induced by interferon therapy. The explanation for these dis- 
crepancies is still unclear. It has also been shown that interferon therapy may 
induce an autoimmune hepatitis in chronic HCV infection; however these cases 
are rare. Interferon therapy has recently been found to worsen lichen ruber pla- 
nus which is often associated with chronic hepatitis C infection [33]. 



Chronic Hepatitis G 

Very recently the search for a non- A, non-B, non-C hepatitis agent lead to the dis- 
covery of a new virus which is now commonly called hepatitis G virus. From stud- 
ies with post-transfusion patients with non- A, non-B hepatitis it became clear that 
there was another virus involved in addition to hepatitis C virus. A collaboration 
between Genelabs and Boehringer Mannheim have isolated and characterized 
such a virus which is now called hepatitis G virus (HGV). The laboratories in- 
volved applied a new technique called sequence independent single primer am- 
plification. This allows amplification of random nucleic acids and is thereby not 
limited by a shortage of biological material. For example, when the HCV was iso- 
lated, the starting material consisted of 2 1 of material containing about one mil- 
lion virus genome copies per milliliter. The starting material for the isolation of 
HGV, in contrast, consisted only of 2 ml of similar virus concentration. 

The HGV virus is a member of the Flavivirus family and is distantly related to 
hepatitis C virus; the homology between these two viruses is less than 30%, and 
their structural genes are completely different. The partial cloning of HGV RNA 
has provided a means to test for the presence of HGV RNA. In preliminary stud- 
ies HGV RNA was found at a high frequency in groups at risk for other hepatitis 
viruses. HGV RNA was present in about 20%-35% of patients with multiple trans- 
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fusions due to thalassaemia and haemophilia as well as in drug addicts [34, 35]. 
HGV RNA was also frequently present in patients with chronic hepatitis B and C 
(io%-20%) as well as in patients with acute non- A, non-B, non-C and chronic 
non- A, non-B, non-C hepatitis (6%-i4%) [34, 35]. Since a considerable number 
of patients screened for HGV RNA did not have elevated serum transaminase 
levels, it is not clear to what degree the virus contributes to a significant hepati- 
tis and thus to a related morbidity. There are also some preliminary studies pre- 
sented at the most recent meeting of the European Association for the Study of 
Liver Diseases (EASL), which show that interferon treatment may lead to a marked 
decrease in HGV RNA for the duration of the interferon therapy. After the end of 
treatment, however, HGV RNA rapidly returned to previous increased levels in 
almost all patients. Further studies are needed to fully characterize the virus and 
to determine its impact on human liver disease. 



Side-effects of Interferon 

Interferon causes flu-like symptoms with fever, headache and muscle stiffness as 
well as fatigue in almost all patients at doses exceeding 2-3 million U given sub- 
cutaneously. Most of the other side effects and complications of interferon-a 
therapy are often strictly related to its dose. These complications include 
leukopenia and thrombocytopenia as well as psychiatric disturbances which may 
even lead to suicide. Thus, patients with severely reduced leukocyte or thrombo- 
cyte counts prior to therapy and patients with a history of endogenous depres- 
sion or schizophrenia should not be treated with interferon. In a considerable 
number of patients interferon therapy is also associated with some hair loss and 
with diarrhoea. All of these complications usually disappear relatively shortly after 
cessation of therapy. The induction or worsening of autoimmune thyroiditis, 
however, doss not regress after the end of therapy [2, 32] . Thus, patients with ab- 
normalities of thyroid hormones or antibodies to thyroid proteins prior to 
therapy should not be treated with interferon or only with great caution. We re- 
commend measuring thyroid hormones and antibodies prior to and during 
therapy. Autoimmune thyroiditis induced or worsened by interferon therapy is 
associated either with hypo- or hyperthyroidism both of which need treatment 
in most cases. As already described, interferon might in rare cases also induce 
autoimmune liver disease, although it can improve many other autoimmune phe- 
nomena due to HGV infection such as cryoglobulinemia, glomerulonephritis and 
cutaneous vasculitis. Although there has been some suspicion of long-term cen- 
tral nervous system side effects of interferon, this has not yet been substantiated. 



Combination of Interferon-a with Other Therapies 

Ribavirin. The guanosine analogue ribavirin has antiviral activities against 
many RNA and DNA viruses including hepatitis B and C viruses. In contrast to 
interferon it may be administered by the oral route and may have fewer side ef- 
fects. Ribavirin and interferon probably differ in their antiviral effects and may 
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therefore synergistically reduce viral replication. Long-term response rates to 
therapy with ribavirin alone are probably lower than with the standard interferon 
therapy [36-39]. Thus, most of the recent studies evaluated the effects of a com- 
bination of both antiviral drugs. Although preliminary results are promising, 
whether the combination is superior to the interferon therapy alone remains to 
be determined [40]. 

Reduction of Liver Iron Concentration. Recently it was shown that the response 
rates to interferon-a therapy in chronic hepatitis C depend on liver iron concen- 
tration, i.e., high liver iron concentrations are associated with a poor long-term 
response rate and low liver iron concentrations are associated with a good long- 
term response rate [41]. Reduction of liver iron stores by phlebotomy therapy 
(reduction of serum ferritin levels to less than 10 ng/ml) was associated with a 
significant reduction in serum transaminase levels [42]. 



Summary 

Interferon-a remains the standard therapy for chronic viral hepatitis B, C, and D. 
The interferon dose for treatment of chronic hepatitis B usually ranges from 
5-10 million U three times a week for 4-6 months. Approximately 40%~50% of 
patients with chronic HBe-Ag-positive chronic hepatitis B respond to this therapy 
with a loss of HBe-Ag and other markers of active replication from serum. In a 
considerable percentage of patients, there will be a later spontaneous clearance 
of HBs-Ag, often many years after the end of interferon therapy. Interferon- 
induced loss of HBe-Ag is usually associated with a normalization of serum 
transaminase levels, an improvement in histology, and probably also with an 
improvement in the development of complications and cirrhosis, and thus with 
a better prognosis. Patients with a low degree of viral replication and a high in- 
flammatory activity respond very well to this type of therapy. Patients who 
acquired the disease during early childhood or perinatally respond particularly 
poorly, and patients with advanced cirrhosis must be treated with great caution. 
Interferon-a is also the best available antiviral agent for treatment of chronic 
hepatitis C although the clearance rate of viral replication is far less than in chronic 
hepatitis B. There are many open questions concerning the dose and duration of 
interferon therapy in chronic hepatitis C as well as the selection of patients. Re- 
commended doses range from 3-10 million U given three times a week for 6-12 
months. The long-term response rate, defined as normalization of transaminase 
levels, to this form of therapy ranges between 15% and 25%. The long-term clear- 
ance rate of HC V due to this therapy is probably even lower. There are many hints 
that a higher dose and, in particular, a longer duration of therapy might improve 
the success rate. The response to interferon-a in chronic hepatitis C is poor in the 
presence of high levels of HCV RNA and in the presence of the iB genotype. 
Especially patients with a fully developed liver cirrhosis have a poor response to 
interferon in hepatitis C infection. It is as yet unclear whether a combination of 
interferon-a and other antiviral medication such as ribavirin might improve the 
long-term response rate. 
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Interferon Therapy of Neuroendocrine Tumours 

K. Oberg 



Introduction 

Neuroendocrine gut and pancreatic tumours are considered to be rather rare 
neoplasms; however, due to increased awareness, improved diagnostic procedures 
and, not least, improved treatment, the number of cases has increased during the 
last two decades. The first case was described already in 1902 by Oberndorfer, who 
introduced the term carcinoid for a less malignant neoplasm. The incidence of 
patients with clinically significant carcinoid tumours is 0.5/100 000 and for 
endocrine pancreatic tumours 0.4/100 000. These are the two main groups of 
endocrine gastrointestinal tumours. 

The majority of patients with malignant metastasising tumours demonstrate 
clinical symptoms related to hormone overproduction. These syndromes include 
the carcinoid syndrome with flushing, diarrhoea, bronchial constriction and right 
heart failure, particularly in relation to classical midgut carcinoids with produc- 
tion of serotonin and tachykinins. Syndromes related to endocrine pancreatic 
tumours are the Zollinger-Ellison syndrome, due to gastrin overproduction, and 
insulinoma or hypoglycaemic syndrome, due to insulin/proinsulin overproduc- 
tion. Other distinct clinical entities are the glucagonoma syndrome, including the 
typical necrolytic migrating erythema, due to glucagon production, and the 
Verner-Morrison syndrome, due to high circulating levels of vasoactive intesti- 
nal polypeptide (VIP) which causes severe secretory diarrhoea. A large number 
of patients present with so-called non functioning endocrine pancreatic tumours. 
Although these tumours are neuroendocrine-derived, hormone production 
(chromogranin A, HCG-a and -p, PP) does not give rise to distinct clinical symp- 
toms. This maybe due to the production of biologically inactive forms of peptides 
by the tumours or to down-regulation of hormone receptors [1-4]. 

Carcinoid tumours can be divided into three main groups: foregut, midgut and 
hindgut tumours. The primary lesions of foregut tumours are confined to the thymus, 
lung, gastric mucosa and duodenum (io%-i5%), whereas midgut carcinoids are lo- 
cated predominantly in the distal part of the ileum, caecum and proximal colon (50%- 
70%). Appendix carcinoids are the most common type of carcinoid but they are rarely 
metastatic. The hindgut tumours are located in the distal colon and rectum and they 
constitute the second most common type (i5%-20%) of all carcinoids. Among 
patient specimens of malignant carcinoid tumours, midgut carcinoids are the most 
frequent, accounting for 65%-7o% carcinoid syndromes [1, 3]. 

Even in advanced stages, metastatic tumours exhibit a high degree of differ- 
entiation with primarily diploid DNA features. The production and release of 
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hormone and the related metabolic consequences may sometimes be life threat- 
ening, even in patients with rather small tumours and limited metastatic spread. 
About one-third of the patients with carcinoid syndrome die from carcinoid heart 
disease and not from tumour growth. Therefore, even if the tumour itself is 
advancing slowly, hormone overproduction might be devastating to the patient, 
resulting in a reduced quality of life [i, 3]. 

Because of the rarity of the tumours and their sometimes episodic expres- 
sion and diffuse clinical symptoms, patients are diagnosed relatively late in 
advanced stages of the disease. Endocrine gut and pancreatic tumours are con- 
sidered to have a good prognosis; therefore, many physicians are reluctant to 
administer medical treatment in the early stages of the disease. However, the 
5-year survival rates in patients with malignant neuroendocrine tumours are 
less than 20% when liver metastases are present. The median survival time for 
patients with malignant carcinoid tumours and the carcinoid syndrome is 
reported to be less than two years from the time of diagnosis of the carcinoid 
syndrome [4, 5]. 



Treatment of Neuroendocrine Gut and Pancreatic Tumours 

Surgery should always he considered as first-line treatment in patients with neu- 
roendocrine gut and pancreatic tumours. Resection of local disease or of regional 
nodular metastatic disease can cure some patients. However, even if radical sur- 
gery cannot be performed, debulking procedures and bypassing should always 
be considered; these procedures can be performed at any time during ongoing 
medical treatment [6, 7]. There is a significant difference in the 5-year survival 
rates between local resectable disease and malignant metastatic disease. The 
median survival time for patients with carcinoid tumours is more than 12 years 
for those with local resectable metastases. In a current study by our group it was 
only 6 years from the start of treatment for a patient with malignant metastatic 
disease (to be published) [6, 7]. 

In general, radiation treatment has not been successful in the treatment of 
metastatic neuroendocrine tumours, except for the treatment of symptomatic 
bone and skin metastases. However, sometimes short-lasting responses have been 
reported for '^‘l-metaiodobenzylguanidine (MIBG) treatment and most recently 
also for '”In-octreotide (high dose). The results of the latter treatment await fur- 
ther evaluation [8,9]. 

Hepatic artery embolisation (Spongostan, Ivalon) has been reported to reduce 
hepatic tumour bulk and generate biochemical responses in about 35%-50% of 
patients. The duration of response is generally short, usually less than half a year, 
and the procedure has to be repeated several times [10, 11]. The combination of 
hepatic artery embolisation and chemotherapy with dacarbazine, doxorubicin, 
5-fluorouracil (5-FU) and streptozotocin has led to significant responses in 
patients with neuroendocrine tumours and hepatic metastases [12]. In one study, 
objective regression was observed in 60% of the patients treated with occlusion 
alone compared to 80% when chemotherapy was added. The median duration of 
regression was four and 18 months, respectively [13, 14]. 
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Chemotherapy has formed the basis for medical treatment of malignant neu- 
roendocrine tumours for more than two decades. Streptozotocin-based treatment 
has been the treatment of choice, particularly for patients with endocrine pan- 
creatic tumours. However, in the large group of patients with malignant carcinoid 
tumours, the same drug has been quite disappointing. The best combination of 
chemotherapeutic drugs, streptozotocin plus 5-FU or doxorubicin, generated 
objective responses in io%-30% of patients with malignant carcinoid tumours, 
and in 50%-6o% of patients with endocrine pancreatic tumours. Furthermore, 
the response duration was short (median, 3-7 months) in carcinoid patients com- 
pared with 15-25 months in patients with endocrine pancreatic tumours [14-19]. 
This clearly demonstrates a difference in tumour biology between these two 
groups of tumours, although they belong to the same entity. Patients with ana- 
plastic neuroendocrine tumours might benefit from treatment with a combina- 
tion of cisplatinum and VP-16; this has still to be confirmed in larger prospective 
studies [20]. General, standard chemotherapy has not significantly increased 
survival times for patients with malignant carcinoid tumours. However, a com- 
bination of hepatic artery occlusion and systemic chemotherapy (alternating 
regimens) seems promising in patients with rapidly growing tumours. 

Somatostatin analogues have been used treatment during the last decade. The 
observation that somatostatin inhibits the release of various peptide hormones 
has stimulated interest in its use as an antiproliferative agent. However, due to its 
the short half-life of about 2 min, it is not possible to use natural somatostatin as 
a medication in clinical practice [21]. Therefore, several medical companies have 
now developed somatostatin analogues, the most commonly used being octreo- 
tide (Sandostatin); others include lanreotide (Somatuline) and octastatin (RC- 
160). Somatostatin and its analogues exert their effects on endocrine tumours via 
different somatostatin receptors. Up to now, five somatostatin receptor subtypes 
have been isolated; the somatostatin analogues used in clinical treatment bind 
to subtypes II and V [22]. The half-life of octreotide is about 2 h, and it can be 
administered subcutaneously 2-3 times per day. However, long-acting formula- 
tions with a weekly or monthly is on the way. At dosage doses of 50-150 pg, 2-3 
times per day, biochemical responses have been reported in 30%-75% of patients 
with carcinoid tumours [23, 24]. The duration of the responses was more than 12 
months. Among patients with endocrine pancreatic tumours, those with vasoac- 
tive intestinal peptide (VIP) and glucagon production are the most sensitive to 
the drug, with amelioration of the symptoms resulting [25]. With the “normal” 
dosage of < 1000 pg/day, very few patients demonstrate significant tumour shrink- 
age. However, during somatostatin analogue treatment at doses of up to 12 mg/ 
day, increased apoptosis has been observed (to be published). 



Interferon Alpha in the Treatment of Neuroendocrine Tumours 

The alpha interferons constitute of a group of proteins with both antiviral and 
antiproliferative effects and are mainly produced by leucocytes. They bind to 
specific receptors on the cell surface and then activate the tyrokinases JAK-i and 
TYK-2 as second messengers and also the STAT-proteins system. They induce the 
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transcription of a large number of interferon-sensitive genes such as a'-s'-A- 
synthetase and p-68 kinase (PKR) as well as Mx-protein. These proteins are in- 
volved in the antiviral and antiproliferative effect of alpha interferons. 

Interferon alpha (IFN-a) was introduced by our group in the treatment of car- 
cinoid tumours in 1982 because of its ability to stimulate natural killer cell func- 
tion and control hormone secretion, clinical symptoms and tumour growth [26]. 
Since then, more than 400 patients with neuroendocrine tumours have been 
treated with IFN-a at our institution, and as many have been reported in the 
literature. Most patients who were treated were carcinoid patients. Another series 
from our group investigating 57 patients with various pancreatic tumours 
included 13 patients with Zollinger- Ellison syndrome, 25 patients with non-func- 
tioning tumours, 12 patients with Verner-Morrison syndrome, one patient with 
glucagonoma and one with somatostatinoma. In total, 43 of these 57 patients 
(75%) had liver metastases at the start of treatment and 28 patients (55%) had 
previously received chemotherapy. The maintenance dose of natural IFN-a was 
6 MU per day and of recombinant IFN-a2b it was 5 MU 3-5 times per week sub- 
cutaneously. Of 57 patients, 29 (51%) responded with significant biochemical 
improvement (> 50% reduction in principal tumour markers). In seven patients 
(12%), there was a significant tumour reduction, with a reduction in size of more 
than 50% seen on computed tomography. The median duration of response was 
20 months (range, 2-96 months). Patients with the Verner-Morrison syndrome 
had a higher response rate (10/12 patients) than those with other tumours. Dis- 
ease stabilization occurred in 14 patients (24.5%) with a duration of 16 months 

[27]- 

Four patients received IFN-a in addition to the somatostatin analogue 
octreotide; three of these patients showed an objective biochemical response with 
a median duration of 21 months. In one of these three patients a significant 
tumour regression occurred, both of the primary tumour in the pancreas and of 
liver metastases, and the patient could subsequently undergo curative surgery. The 
median survival time from start of treatment was 50 months in our total of 78 
patients with endocrine pancreatic tumours and liver metastases who underwent 
subsequent treatment with chemotherapy, IFN-a or octreotide. This is so far the 
longest reported survival time for patients with malignant endocrine pancreatic 
tumours. 

Since our report of IFN-a in the treatment of carcinoid patients, more than 350 
patients have been treated with IFN-a. During a 10-year period, 130 patients with 
carcinoid tumours were treated with IFN-a2b. In one study, patients with 
histologically proven carcinoid tumours, with liver and/or lymph node metastases 
and a clinical history of tumour progression over the previous 6 months were 
included. The median age of the patients was 58 years. The study included 110 
patients with midgut carcinoids, 16 patients with foregut tumours (14 bronchial 
and two thymic carcinoids) and four patients with rectal carcinoids. Of these 130 
patients, 118 presented with liver metastases (91%). Of 96 patients (42%) with 
malignant midgut carcinoids, 40 experienced a significant reduction in urinary 
5-hydroxyindoleaceticacid (5-HIAA),and in 40 the disease stabilized. Altogether 
in 84% of the patients, either a significant biochemical response or stabilization 
of the disease was observed; only 16% had progressive disease. Significant tumour 
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reduction (> 50%) occurred in 11 out of 110 patients with measurable disease on 
CT (10%), but all the responses were seen in midgut carcinoids, giving a signifi- 
cant tumour reduction in 12% of the patients. Subjective responses, manifested 
as decrease in flushing and diarrhoea, occurred in 72% and 68% of the patients, 
respectively. The general well-being of 62% of the patients improved. 

With regard to different groups of patients with carcinoids, 25% of foregut 
carcinoids showed a biochemical response but no significant tumour reduction, 
which indicates that these tumours are less responsive to IFN-a treatment than 
classical midgut carcinoids. The median total duration of treatment was 18 months 
(range, 1-70 months); the median duration of stable disease and objective 
response was 12.5 months (range, 1-58 months). These data are based on all 130 
patients. However, if only midgut carcinoids are considered then the median 
duration of treatment was 22 months (range, 1-70 months), and the median 
duration until tumour progression was 17 months (range, 1-58 months). The me- 
dian survival time from the start of treatment was 67 months for patients with 
malignant midgut carcinoid tumours. This is significantly different from the 
median survival time of 26 months for patients with malignant foregut carcinoid 
tumours (p = 0.007). 

The new study presented above has not yet been published, but these data con- 
firm what we and others have previously published: biochemical response rates 
of 40%-50% in patients with midgut carcinoids and significant tumour shrink- 
age of about io%-i5% (Table 1) [28-36]. 

When reviewing different studies on IFN-a treatment in carcinoid tumours, 
it is important to realise that the dose administered is medium-high, around 5-9 
MU 3-7 times per week subcutaneously. However, in one study by Moertel and 
colleagues [28], very high doses of recombinant IFN-a2a were administered (me- 
dian 48 MU, every 2nd day). This high dose was not tolerated by the patients, and 
it did not generate higher response rates either biochemically or in terms of tu- 
mour response. Furthermore, the treatment had to be discontinued after a me- 
dian of 8 weeks because of side effects. Obviously there is no clear dose-response 
relationship in patients with neuroendocrine tumours, in contrast to what has 
been reported for patients with malignant melanoma. It is very important to 
titrate the dose individually for each patient for long-term management. We have 
been using the leucocyte count as an indicator of the antitumour effect of IFN-a, 
with the aim of reducing the leucocyte count to below 3.0 x lo’/L. Using this 
method, dosages for individual patients might range from 1.5-10 MU 3-7 times 
per week subcutaneously. This arbitrary method has been compared with induc- 
tion of 2'-5 '-A-synthetase (see below) and correlated quite well. Another impor- 
tant observation, published by Hansen and co-workers, is that increased response 
rates can be obtained after tumour reduction by embolisation of liver metastases 
[30]. Therefore, the reduction of tumour mass might significantly improve the 
therapeutic results. This observation might also indicate that treatment with 
IFN-a should he initiated earlier in the clinical course or after tumour debulking 
when the tumour mass is reduced. 

In a recent study, we compared octreotide and IFN-a in patients with malig- 
nant carcinoid tumours. The patients received octreotide starting with 50 pg twice 
a day, increasing to 100 pg three times per day. If they did not respond to this dose 
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Tablet. IFN-a therapy 


in patients with neuroendocrine tumours 






Study [Reference] 


No. of Dosage 
patients 


Biochemical Tumor 
response response 

(%) (%) 


Moertel et al [28] 


27 


IFN-2a 24 MU/m^ x3/w, s.c. 


39 


20 


Schober et al [35] 


21 


IFN-2b 3 MU/m^ x3/w, s.c. 


56 


10 


Hansen et al [30] 


19 


IFN-2b5MUx7/w,s.c. 










alone or with embolization 


40^ 86’ 


lO'’; 86’ 


Bartsch etal [31] 


18 


rIFN-2c 2 MU/m^ xl2/w, s.c. 


44 


0 


Valimaki et al [32] 


8 


nlFN-a 3 MU x7/w, s.c. 


50 


12.5 


Oberg et al [33] 


37 


nIFN-a 6 MU x7/w, i.m 


49 


11 


Oberg et al [34] 


21 


rIFN-2b5MU x3/w,s.c. 


53 


0 


Norheim et al [29] 


20 


nIFN-a 6 MU xx7/w, s.c. 


50 


11 






streptozotocin + 5-FU 


0 


0 


Oberg and Eriksson [27] 


111 


nIFN-a x7/w or s.c. 


42 


15 






rlFN-2b 5 MU x3/w 






Tiensuu Janson et al [38] 


22 


rIFN-2a3MU/m'x3/w 


25 


17 






rIFN-a2 3 MU/m^ x3/w + 


0 


0 






streptozotocin + adriamycin 






Biesma et al [36] 


11 


rlFN-a2b 2.5 MU x7/w, s.c. 


60 


18 


Eriksson and Oberg [27] 


57’ 


r/n IFN-a2b 5-6 MU x3-5/w, s.c. 51 


12 


Oberg (to be published) 


96 


r/n IFN-a2b 5 MU x3-5/w, s.c. 


42 


10 


Total 


468 




44 


11 



MU, million units; w, week; IFN-2a, IFN-a2a; IFN-2b, IFN-a2b; rIFN-2c, recombinant IFN-a2c; 
nIFN-a, natural IFN-a. 

“ malignant endocrine pancreatic tumours. 

® Without embolization. 

With embolization. 



of somatostatin analogue, IFN-ot was added at a median dose of 3 MU three times 
per week subcutaneously. Twenty-four patients were included in this study, all of 
whom had increased urinary 5-HIAA levels, and 19 of whom had the classical 
carcinoid syndrome. By using this combination, patients who were previously 
resistant to either octreotide alone or IFN-a alone exhibited biochemical 
responses: there was a complete biochemical remission in four out of 22 patients 
(18%) and a partial remission in 13 out of 22 patients (59%). Of the entire group, 
77% exhibited biochemical responses with a median duration of 15 months. How- 
ever, in none of these patients was demonstrated any significant tumour reduc- 
tion detected by computed tomography. When IFN-a was withdrawn for any rea- 
son, an immediate increase in urinary 5-HIAA levels as well as clinical symptoms 
were observed; when IFN-a was re-introduced, a significant amelioration of 
symptoms and reduction of hormone levels occurred [37]. 

In a randomised controlled trial including 22 patients, a combination of 
recombinant IFN-a2a (3 MU/m^ three times per week) with streptozotocin (1 g/m^) 
plus doxorubicin (40 mg/ m'^) versus IFN-a alone at the same dose were admin- 
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istered. The chemotherapy was given every 3 weeks. A total of 22 patients with 
malignant carcinoid tumours (« = 11) and the carcinoid syndrome (n = 11) were 
enrolled. We did not observe any benefit in combining chemotherapy with IFN-a 
treatment. On the contrary both biochemical (25%) and tumour responses (7%) 
were less than expected for IFN-a alone. Moreover, considerable side effects were 
encountered: one patient died from doxorubicin-related cardiotoxicity, and IFN-a 
might have increased cardiac sensitivity to doxorubicin [38]. 

In a phase I-II study including 12 patients with malignant carcinoid tumours, 
a combination of IFN-a and human IFN-y (Finnish Red Cross, Helsinki) was used. 
All patients were treated with IFN-a at a dose of 5-10 MU, 3-5 times per week for 
a median of 22 months and showed stable or progressive disease. IFN-y was then 
added at a daily dose of 0.5 MU subcutaneously. After 6 months of treatment, there 
was one partial response, in seven patients the disease had stabilized, and in three 
patients the disease was progressive. Half of the patients experienced subjective 
improvement, but no significant tumour reduction was observed [39]. 



Table 2. Adverse reactions in 1 1 1 patients treated with IFN-a 





% 


WHO Grade 


Flu-like symptoms 


89 


1-2 


Weight loss 


59 


1 


Fatigue 


51 


1-2 


Anaemia (< 110 g/1) 


31 


1 


Leukopenia (< 2.0 x lO’/l) 


7 


1 


Thrombocytopenia (< 100 x lO’/l) 


18 


1 


Hepatotoxicity 


31 


1-2 


Increased blood lipids 


32 


1-2 


Autoimmune manifestations 


20 


- 



WHO, World Health Organization 



Table 3. Development of neutralizing anti-IFN-a antibodies in patients with neuroendocrine 
tumours 





Patients 


Patients with 


Patients with 




treated 


anti-IFN antibodies 


titres > 100 NU 




(«) 


(«) 


(%) 


in) 


(%) 


HuLe-a 


103 


V 


1 


1 


1 


Wellferon 


16 


u 


6 


— 


— 


IFN a-2b 


208 


21 


10 


7 


3 


IFN a-2a 


32 


12 


38 


11 


34 


Total 


359 


35 


10 


19 


5 



NU, neutralizing units 

* Partial neutralization after previous IFN-a2b treatment 
Partial neutralization after previous IFN-a2a treatment 
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The adverse reactions to IFN-a therapy are listed in Table 2. They include flu- 
like symptoms for the initial 3-5 days in almost all patients which could, however, 
easily be prevented by the concomitant administration of paracetamol. The more 
severe adverse reactions are fatigue (grade I-II) in about 50% of the patients, low- 
grade weight loss in 59% of the patients and sometimes mental depression. About 
one-third of the patients may develop increased levels of liver enzymes which are 
mainly dose dependent, and about 20% of the patients develop autoimmune re- 
actions [40]. Patients treated with recombinant IFN-a may develop neutralizing 
antibodies in various degrees to different interferon preparations (Table 3). The 
production of neutralizing antibodies at a high titre (above 100 neutralizing units 
per ml) might abrogate the antitumor response. In these patients, a change from 
recombinant interferon to human leucocyte interferon might restore the anti- 
tumor effect. 



Mechanisms of Action of iFN-a 

The antitumour effects of IFN-a include antiproliferation, differentiation and 
cytotoxic/cytostatic effects. Furthermore, IFN-a clearly exerts an immuno- 
modulatory effect by increasing the expression of class I antigens on tumour cells 
and by inducing autoimmunity [41] .The induction of apoptosis by IFN-a has also 
previously been reported, but this has not been observed for neuroendocrine gut 
and pancreatic tumours (unpublished observation). 

IFN-a binds to a specific receptor on the cell membrane; the gene which codes 
for this receptor is not yet fully cloned. Binding of interferon to its receptor 
results in the phosphorylation of the tyrosine kinases, JAK-i and TYK-2, which 
then activate the factors STAT-i and STAT-2 (interferon stimulatory gene factor 3, 
ISGF-3) by phosphorylation. These factors from a complex which is transported 
into the cell nucleus and binds to interferon-sensitive response elements (ISREs), 
thereby inducing the transcription of several interferon-inducible genes (inter- 
feron stimulated genes, ISGS). There are more than 30 interferon inducible genes, 
some of which are tumour suppressor genes (interferon regulatory factor-i) 
whereas others may act as oncogenes (interferon regulatory factor-2). The 
antiproliferative effect of IFN-a is probably mediated through the induction of 
enzymes such as z'-s'-A-synthetase and PKR. Both enzymes are induced by IFN-a 
and cause the degradation of mRNA coding for various peptide hormones and 
growth factors; this results in the inhibition of protein synthesis [42]. We have 
demonstrated that the induction of z'-s'-A-synthetase in vitro in tumour cells 
correlates with the clinical and biochemical responses. Patients with more than 
a threefold increase in basal 2 '-5 '-A-synthetase levels after administration of IFN-a 
clearly responded biochemically, whereas those with a low level of induction Oi 
the enzyme were non-responders [43]. Preliminary data also indicate that induc- 
tion of PKR expression might be a predictor of IFN-a response, whereas induc- 
tion of Mx-A mRNA in peripheral leucocytes from patients with neuroendocrine 
tumours is not of predictive value. Another effect of IFN-a is the induction of 
fibrosis within liver metastases which has not been recorded during treatment 
with chemotherapy or somatostatin analogues. With time, the number of tumour 
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cells decrease, and they are replaced by fibroblasts without any change in tumour 
size detectable by conventional radiological investigations such as ultrasound or 
computed tomography [44]. However, such changes in tumour composition can 
be clearly detected by positron emission tomography where accumulation of "C- 
labelled hydroxytryptophan or I-dopa correlate with the metabolism of the tu- 
mour. In addition, somatostatin receptor scintigraphy (octreoscan) can demon- 
strate changes in tumour content. The antiproliferative effect of IFN-a is mainly 
due to blockage of the cell cycle in the and G phases, resulting in very low 
numbers of S-phase cells. This is probably the reason why apoptosis is not ob- 
served in our tumours since apoptosis require cycling tumour cells, particularly 
in S phase. Rather early during treatment with IFN-a a reduction in hormone 
release and synthesis can be observed (within several days to months), whereas 
significant tumour size reduction takes longer (up to several years). Therefore it 
is important to realise that IFN-a should be used as a long-term treatment, since 
it takes time to obtain tumour reduction in most patients. We have some patients 
who have been treated continuously for more than 13 years with IFN-a with con- 
tinuing biochemical and tumour response. 



Conclusion 

Neuroendocrine gut and pancreatic tumours are among the few tumours which 
respond to IFN-a treatment. The compound exhibits significant antitumour 
effects for these tumours, and in combination with another biological response 
modifier, i.e. octreotide, it appears to be very promising. Further studies are 
needed to determine the precise effect of this combination treatment. Anaplas- 
tic tumours with high proliferation rates seem to be resistant to this kind of 
therapy. Adverse reactions of IFN-a are mostly dose-dependent and it is impor- 
tant to individualize the treatment for each patient. Treatment with IFN-a con- 
tinues throughout the patient's life or until the tumour progresses, it is impor- 
tant to realise that the treatment is not curative but rather controls the disease 
for a long period of time. Survival seems to be significantly prolonged during 
interferon IFN-a treatment and quality of life is also improved. Analysis of 
tumour cell proliferation, growth factors/receptors and gene mutations will hope- 
fully more clearly delineate the antitumour effect of interferons and other 
biotherapies. 
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CHAPTER 5 



Use of Interferon-a in the Treatment of Chronic 
Myelogenous Leukemia 

R. Hehlmann and A. Reiter 



Diagnostic and Prognostic Criteria of Chronic Myelogenous Leukemia 

Chronic myelogenous leukemia (CML)is a clonal disease of hematopoietic stem 
cells [i]. It is characterized by an excessive increase in granulopoiesis and 
frequently also in megakaryopoiesis. The diagnostic criteria may vary slightly 
between authors and countries but in general include: 

1. A leukocytosis of more than 30 x loVl with a marked left shift 

2. A hypercellular bone marrow characteristic of a myeloproliferative disease 

3. Splenomegaly 

4. Exclusion of a subacute leukemia or of myelodysplasia 

5. Exclusion of other myeloproliferative diseases such as osteomyelofibrosis, 
essential thrombocythemia or polycythemia vera 

6. The demonstration of the Philadelphia (Ph) chromosome or bcr/abl trans- 
location 

In Ph-negative CML, differentiation from subacute or smoldering leukemias, other 
myeloproliferative diseases or myelodysplasias, and in particular chronic 
myelomonocytic leukemia (CMML), may be difficult. About 30% of Ph-negative 
CML patients have a bcr/abl translocation similar to Ph-positive CML. The bcr/ 
flfcZ-positive Ph-negative CML has characteristics similar to Ph-positive CML. Ph- 
and bcr/abl-negative CML have characteristics which are different to those of Ph- 
positive CML and are prognostically less favorable. 

The initial features of Ph-positive CML are shown in Table 1. The table data 
pertain to 510 Ph- or bcr/abl-positive patients from the CML Study I of the Ger- 
man CML Study Group [2] . Since the initial features at diagnosis may be of prog- 
nostic relevance [3], the exact determination of at least some of these features is 
clinically important. Features of prognostic relevance include spleen size or 
splenomegaly-related symptoms, differential of the peripheral blood, extramed- 
ullary manifestations, platelet count, age, and, in patients less than 45 years old, 
sex [4] . Age, splenomegaly, percentage of blasts in the peripheral blood, and plate- 
let count contribute to the so-called Sokal index, the prognostic score, which is 
most widely used internationally at the present time for the characterization of 
CML patient populations [3]. The advantage of the Sokal score is the use of con- 
tinuous variables from which the score is determined by the formula: 

exp. [0.0116 (age - 43.4) + 0.0345 (spleen size - 7.51) -I- 0.0188 ((platelets/700)^ 

- 0.563) + 0.0887 (peripheral blasts - 2.10)]. 
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Table 1. Initial characteristics of 510 chronic phase patients in the German Chronic Myelog- 
enous Leukemia Study I 





Mean ± SD 


Median 


Range 


WBC count (xlOVl) 


165 ±107.3 


142 


12.2 - 


600 


Blasts (%) 


2.9+ 3.3 


2.0 


0- 


19 


Promyelocytes (%) 


4.5± 4.3 


3.0 


0- 


25 


Basophils (%) 


4.9± 4.0 


4.0 


0- 


29 


Eosinophils (%) 


2.9+ 2.4 


2.0 


0- 


14 


Erythrohlasts (/lOO WBC) 


0.9± 1.7 


0 


0- 


12 


Hemoglobin (g/dl) 


12.1± 2.1 


12.3 


4.2 - 


17.2 


Platelet count (xlOVl) 


495 ±358 


399 


10- 


3 400 


LDH (U/1, normal < 240) 


757 ±401 


698 


140- 


5 370 


ALP (index) 


12.3± 28.7 


3.0 


0- 


199 


BM blasts (%) 


4.2± 4.5 


3.0 


0- 


30 


BM promyelocytes {%) 


10.2± 7.2 


9.0 


0- 


40 


Median age (years) 


47.6± 15.3 


48 


15 - 


85 


Sex (% male) 


58.6 








Splenomegaly (%) 


71 








Spleen size (cm below costal margin) 


6.3± 6.4 








Hepatomegaly (%) 


50 








Liver size (cm in MCL) 


12.7± 2.6 








Fatigue (%) 


62.6 








Symptoms due to organomegaly (%) 


33.4 








Weight loss (%) 


20.8 








Fever (%) 


5.9 








Extramedullary manifestations(%) 


6.8 








Karnofsky index (%) 


88.8± 1.7 








Sokal's risk groups 










Low (%) 


26.7 








Intermediate (%) 


36.9 








High (%) 


36.5 









LDH, lactate dehydrogenase; ALP, alkaline leukocyte phosphatase; MCL, medioclavicular line 



A similar score, score i, was prospectively established by the German CML Study 
Group [5]. It considers age, splenomegaly-related symptoms, percentage of blasts 
in the peripheral blood, extramedullary manifestations, normoblasts in the 
peripheral blood, and Karnofsky index, and is determined by the formula: 

exp. [0.013 (age - 47.3) + 0.0424 (% peripheral blasts - 3.2) + 0.0906 (erythro- 
blasts - 1.0) + 0.4872 (organomegaly related symptoms - 0.35) + 0.7959 (ex- 
tramedullary manifestations - 0.064) - 0.0121 (Karnofsky index - 90.0)]. 

Most commonly, patients at diagnosis are classified as being of low, intermedi- 
ate, or high risk, according to cut-offs at scores up to 0.8, from 0.8 to 1.2, and more 
than 1.2, respectively. 

In survival analyses of patient groups, the group composition with respect to 
risk profile has important implications for the determination of overall survival 
times; patient groups comprising a high percentage of low-risk patients have 
higher overall survival times than patient groups with a high proportion of high 
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risk patients. The patient group compositions in several recent publication vary 
considerably [2, 6-9], between 24% and 52% for low- risk patients, and between 
23% and 4i®/o for high-risk patients. The ratio of low- to high-risk patients in four 
recent large studies [2, 6, 7, 9] varied between 0.59 and 2.23. It has become stand- 
ard in current publications to report the risk profiles of the patient populations 
studied, mostly according to the Sokal index. 

In order to standardize the determination of relevant clinical features of CML 
at diagnosis, the group of European investigators on CML, representing the large 
co-operative CML study groups in Europe, made the following procedural sug- 
gestions [10]: 

1. Spleen measurement should be recorded as palpable or nonpalpable, in centi- 
meters below the midcostal margin, and/or in centimeters as the maximal dia- 
meter by ultrasound. 

2. Extramedullary manifestations (cutaneous, lymph nodes) and B-symptoms 
should be recorded. 

3. The initial differential white blood count should be performed with a minimum 
of 400 cells. 

4. Bone marrow histology should be performed to record fibrosis, cellularity and 
blast cell clusters. 

Further useful information at diagnosis may come from determinations of alka- 
line leukocyte phosphatase (ALP), lactate dehydrogenase (LDH), and additional 
cytogenetic aberrations by chromosome analysis. 



Clinical Evolution of CML and Response Criteria 

The course of CML is characterized by a chronic, largely asymptomatic phase and 
by progression to an accelerated and/or blastic phase. Whereas manifestations and 
duration of the chronic phase can be modified by treatment, the blastic phase is 
hardly influenced by any therapy. The criteria of the accelerated phase of CML, 
as proposed by the European investigators on CML, include [10]; 

1. Persisting or progressive splenomegaly 

2. Increasing WBC resistant to chemotherapy 

3. Increasing marrow fibrosis 

4. New karyotypic abnormalities 

5. Increasing anemia or thrombopenia 

6. Increasing thrombocytosis in spite of therapy 

7. Fever not otherwise explained 

8. More than 20% basophils or 20% eosinophils in the peripheral blood 

9. More than 10% blast cells in blood or marrow 

to. More than 20% blasts or promyelocytes in blood or marrow 

The additional feature of the accelerated phase of CML, therapy resistance in spite 
of increasing drug dosage, has been used by the German CML Study Group; how- 
ever, this criterion is applicable only to hydroxyurea- or busulfan-treated patients 

[n]. 
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The criteria for blast crisis as defined by the German CML Study Group are 
either more than 30% blasts and promyelocytes in the peripheral blood or more 
than 50% blasts and promyelocytes in the bone marrow or extramedullary bias- 
tic infiltrates [12]. Alternative definitions used by other European investigators 
include more than 20% blasts in the peripheral blood or more than 30% blasts 
in the bone marrow. For the prediction of evolution of CML, two time-depend- 
ent parameters proved to be the most prognostically relevant: hematologic 
response and, particularly in patients treated with interferon (IFN), cytogenetic 
response. According to presently available data, a complete hematological re- 
sponse is the best prognostic parameter for survival in CML. It precedes, in vir- 
tually all instances, cytogenetic remission [6, 12, 13]. A complete hematological 
remission, according to the European investigators on CML [to], is defined as: 

1. Disappearance of splenomegaly 

2. Disappearance of all clinical symptoms related to CML 

3. Normalization of WBC count and differential (WBC < 10 x lo’/l) 

4. Platelet count < 450 x lo’/l. 

Complete hematological response should be confirmed at least once. The time to 
complete hematological remission should be recorded since this also appears to 
be of prognostic relevance. Appearance of immature cells in the blood during 
recovery, anemia, and rebound thrombocytosis are not signs of hematological 
relapse if they are transient and clearly related to treatment. 

A partial hematological response according to Talpaz et al. [14] or the German 
CML Study Group [2] is defined as: 

1. Reduction of WBC count to less than 20 x lo’/l and less than 50% of the initial 
value or 

2. Reduction of platelet count and of splenomegaly to less than 50% of the ini- 
tial values or 

3. Persisting splenomegaly in the presence of normal blood counts 

A complete cytogenetic remission according to the consensus of the European 
investigators requires the absence of the Ph translocation in at least 20 metaphases 
in at least one analysis. A major or partial response, according to Talpaz et al. [14] 
and the European investigators [10], is achieved if i%-34% of metaphases are Ph- 
positive. A minor response is defined by 35%-64% Ph-positivity. A minimal 
response is present, if less than 35% of the metaphases, but at least two metaphases 
out of at least 20 metaphases are Ph-negative. For the initial assessment of the Ph 
status, 20 or more metaphases should be assessed. For follow-up analyses, a mini- 
mum of ten mitotic divisions are required. Less than five metaphases are discarded 
for follow-up analyses. Five to ten metaphases are used only if corroborated by 
further data. Cytogenetic follow-up analyses should only be performed with pa- 
tients in complete hematological remission. 

The recommendations for the frequency of cytogenetic follow up analyses vary 
between every 3 and 12 months. Since usually the best cytogenetic response is 
counted, as transient as it may be, a low frequency of cytogenetic follow-up analy- 
ses may underestimate the true response rate. 
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Drug treatment 

To date, the only curative treatment of CML is allogeneic bone marrow transplan- 
tation (BMT; [15,16]) which, however, is available only to a minority of sufficiently 
young patients who have a HLA-compatible bone marrow donor. Therefore, drug 
therapy remains of central interest in CML. Table 2 summarizes the survival times 
achieved with various treatment modalities in CML. 



Tabie 2. Survival of chronic myelogenous leukemia patients 



Therapy Median survival times 5-year survival rates References 

(months) (%) 



None 


31 




17 


Splenic irradiation 


28 




18 


Busulfan 


35-45 




20,21 


Hydroxyurea 


48-58 




6,11 


Intensive chemotherapy 


45-55 




23-28 


Interferon-a 


55-72 




2, 6-9,19 


Allogeneic bone marrow 




40-80 


15,16, 73 


transplantation 

Autografting 




> 50 


71 



The therapeutic concept of prolonging survival in CML by drug therapy is based 
on the consideration that, for stochastic reasons, a reduction in clonal, genetically 
unstable cells should also reduce the rate of secondary changes and thereby post- 
pone blast crisis [19]. According to this concept, the degree of reduction in tumor 
burden should directly correlate with a prolongation of survival. 

Busulfan, an alkylating agent acting on the stem cell level, was considered the 
drug of choice for the treatment of chronic phase CML for many years [20, 21]. 
However, its pharmacology was not suited to allow aggressive reduction of tumor 
burden. The risk of life-threatening cytopenia from bone marrow aplasia and of 
lung fibrosis are only avoided if treatment is interrupted or stopped when white 
blood counts are well above the normal range. Nevertheless in a number of busul- 
fan-treated, Ph-positive CML patients, a good reduction in tumor burden was 
associated with partial cytogenetic remissions (cytogenetic mosaics), and 
remarkably long survival times have been described [22]. 

These long survival times of patients with busulfan-induced mosaics prompted 
trials to eliminate the Ph-positive cell clone by intensive combination chemo- 
therapy [23-32]. Table 3 summarizes the results of intensive chemotherapy 
administered during the chronic phase of CML (for review see [33]). Intensive 
therapies were similar to those used for treating acute leukemias and comprised 
combinations of arabinosylcytosine, thioguanine, mercaptopurine, anthracyc- 
lines, busulfan, vincristine, methotrexate, cyclophosphamide with or without 
I-asparaginase, splenectomy, and/or splenic irradiation. The remarkable feature 
of these studies was the observation of reductions in the number of Ph-positive 
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Table 3. Intensive chemotherapy for chronic myelogenous Leukemia 



Treatment 


Patients 


Survival 


Philadelphia 


Study group 


Re 




M 


(months) 


chromosome 

status 






Ara-C, 6-TG 


12 


NI 


Ph-reduction, 


Smalley et al. 


29 








2CR 


(1977) 




BU + 6-MP vs. BU 


13 


NI 


ND 


Allan et al. 
(1978) 


30 


BU, splenectomy, Ara-C, 6-TG 


23 


4-133 


Ph-reduction 


Brodsky et al. 
(1979) 


23 


Splenic irradiation. 


37 


50 


Ph-reduction 


Cunningham et al. 24 


splenectomy, Ara-C, 6-TG, 
L-asparaginase, HU 




(median) 


in 12/37,7 CR 


(1979) 




DNR, VCR, Ara-C, 6-TG, 


12 


NI 


Ph-reduction 


Sharp et al. 


32 


BU, HU, 6-MP 






in 7/12,1 CR 


(1979) 




HU, BU, Ara-C, VCR, Pred with 


139 


50 


ND 


Baccarani et al. 


25 


vs. without early splenectomy 








(1981) 




Splenic irradiation. 


28 


NI 


Ph-reduction 


Goto et al. 


31 


splenectomy, HU, Ara-C, 






in 50%, 


(1982) 




DNR, 6-TG, MTX, VCR, Pred 






some CR 






BU, Ara-C, 6-TG, DNR with 


189 


45 


ND 


Tura et al. 


26 


vs. without early splenectomy 




(median) 




(1984) 




VCR, Ara-C, Pred -h CTX 


34 


52 


Ph-reduction 


Kantarjian et al. 


27 






(median) 


in 24/34 


(1985) 




or anthracycline, HU 


97 


55 


10 CR 


Kantarjian et al. 


28 






(median) 




(1987) 




Total 


550 


50-55 

(median) 








Total of patients with 


209 




> 20 complete 






cytogenetic analyses 






responders 







Ara-C, arabinosylcytosine; 6-TG, 6-thioguanine; BU, busulfan; 6-MP, 6-mercaptopurine; HU, 
hydroxyurea; DNR, daunorubicin; VCR, vincristine; Pred, prednisone; MTX, methotrexate; Ph, 
Philadelphia chromosome; CR, complete remission; NI, not investigated; ND, no data; 6-TG, 
6-tisguanine 



cells in up to 70% of cases studied and, in some instances, of complete cytoge- 
netic remissions. In at least six studies comprising about 200 patients, more than 
20 complete cytogenetic remissions were observed. The duration of these remis- 
sions was relatively short, ranging from about 6 to 8 months. Although there was 
no special maintenance therapy, the survival of these patients as a group was 
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longer. These trials were uncontrolled and the patient numbers were small; a sig- 
nificant advantage over conventional therapy (busulfan, hydroxyurea) was dem- 
onstrated in only one study [28]. Morbidity after intensive chemotherapy was 
considerable and discouraged randomized studies. 

More recently hydroxyurea, an inhibitor of ribonucleotide reductase, has be- 
come increasingly popular because of its rapid action and low level of adverse 
effects [34]. Thmor burden can be reduced to relatively low levels with little tox- 
icity. Some early retrospective studies in a small series of patients indicated a 
better survival for hydroxyurea-treated patients which, however, was not signifi- 
cant [35, 36]. It was noted that hydroxyurea was associated with less serious tox- 
icity than busulfan. 

Based on these reports and similar unpublished experience from some Ger- 
man centers, the German CML Study Group decided in 1983 to compare the 
influence of hydroxyurea versus busulfan on the duration of the chronic phase 
of CML and survival in a randomized study [11]. In a population of 371 Ph-posi- 
tive patients, a significant advantage in terms of survival was found in hydroxyu- 
rea-treated patients: the median survival in the busulfan group was 45 months, 
and in the hydroxyurea group, 58 months (p = 0.008). Because of its low level of 
side effects and the prolongation of survival, hydroxyurea replaced busulfan as 
the drug of choice in CML treatment. The superiority of hydroxyurea is only sur- 
passed by the possible superiority of IFN in cytogenetic IFN-responders. 

Since its introduction in 1983 [37],IFN-a appeared to be a promising substance 
as it not only results in a good cytoreduction in the chronic phase of CML, but 
also induces durable complete cytogenetic remissions in a minority of patients 
and possibly prolonged survival. In vitro studies indicate that IFN can interfere 
with cytokine production ([38], for review see [39]), tumor-suppressing activities 
[40] and/or cytoplasmic tyrosine kinase(s), and transcription factors [41, 42]. 

In 1986, Talpaz and co-workers demonstrated for the first time complete 
cytogenetic remissions in seven of 51 (14%) Ph-positive patients treated with 
leukocyte IFN [14], which proved to be durable in more than half of the cases [43]. 
Several phase II studies using recombinant IFN confirmed the good hematological 
efficacy of IFN and its ability to induce partial or complete cytogenetic remissions 
in a sizable proportion of patients [12, 44-50] . Table 4 shows a selection of phase II 
studies of IFN in CML which have demonstrated the clinical usefulness of IFN 
treatment in CML. 

Based on the initial observations by Talpaz, several co-operative study groups 
started large randomized trials to compare IFN with conventional chemotherapy, 
mainly busulfan and/or hydroxyurea. In 1986, the German CML Study Group 
decided to compare IFN with busulfan and hydroxyurea in a randomized trial 
with regard to survival, hematological and cytogenetic responses, and the course 
of the disease after discontinuation of IFN [2]. Similar studies were started at 
about the same time by the Italian Cooperative Group on CML [6], in 1987 by the 
British Medical Research Council (MRC) [7], and in 1988 by a Japanese leukemia 
study group [8]. These four studies which have been published, showed that the 
survival time is longer with IFN treatment than with chemotherapy; however, the 
difference in survival times between IFN- and hydroxyurea-treated patients 
varied as did the significance of this difference. 





Patients Sokal score Complete Partial Patients Complete Partial Minor Median Study group 

(ratio of hematologic hematologic with cytogenetic cytogenetic cytogenetic survival 

low/high response response cytogenetic response' response' response"* time 

risk patients) follow-up 
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"* Philadelphia chromosome translocation observed in 36%-95% of metaphases 
' Philadelphia chromosome translocation observed in < 50% of metaphases 
* Level of response not distinguished. 
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The German Randomized [FN Study 

In 1986, the German CML Study Group decided to expand its study and to com- 
pare IFN with conventional chemotherapies in a randomized trial. IFN treatment, 
with a median survival time of 66 months, showed a significant survival advan- 
tage over busulfan (p = 0.008) [2] . The difference in survival times between IFN- 
and hydroxyurea-treated patients, however, was not significant (p = 0.44). The 
survival curves are shown in Fig. 1. 

Of special interest was the evolution of the disease in those patients in whom 
IFN treatment had been discontinued. The survival time of all 65 IFN patients in 
whom IFN treatment was discontinued due to various reasons when still in the 
chronic phase was significantly shorter than that of the 61 patients in whom IFN- 
treatment was continued (p = 0.007). 

The rate of complete or partial hematological remissions was with 83% in IFN- 
treated patients slightly lower than in hydroxyurea- and busulfan-treated patients 
(90%). 

Complete hematological IFN responders had a significantly longer survival 
time than partial or non-responders (p = 0.02). 

Fifteen of 84 cytogenetically evaluable patients (18%) showed a cytogenetic 
response. This number may be an underestimation of the true response rate, since 
the low frequency of the cytogenetic analyses (2.3 per patient) would miss tran- 
sient responses. Six patients, corresponding to 7.2%, had a complete cytogenetic 
remission at least once in their course. Four of these patients are still alive and in 
remission 50-85 months after the start of IFN treatment, and two patients died 
after 72 and 94 months. Cytogenetic responders had no significant advantage in 
terms of survival over nonresponders (p = 0.2). 




Fig.1. Survival curves of patients with Philadelphia chromosome translocation, treated with 
either hydroxyurea, busulfan or interferon. Data of the German CML Study Group (CML-Study 1) 
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An analysis of the IFN dosage administered over a 6o-month period revealed 
that the average dosage was reduced from about 5 million lU/mVday during the 
first three months to 3.5 million lU/mVday by month 12 , to 3 million lU/mVday 
by month 30, and to about 2 million lU/mVday by month 60. Since treatment goals 
and limitations were WBC counts of 2-4 x 10 VI and tolerability, respectively, this 
indicates that clinical response limits the dosage of IFN and that the initial dos- 
age is probably less important than hitherto thought. Although there is a dose/ 
response correlation at lower IFN dosages in CML, the impact of IFN dosage on 
cytogenetic response and on long-term CML-free survival is still controversial. 
Since the discussion of this topic at the 1992 annual meeting of the German CML 
Study Group [50 ] , no controlled comparison of IFN dosages that would clarify the 
matter has been published. 

In order to analyze possible reasons as to why survival times are longer with 
IFN and hydroxyurea than with busulfan and why IFN has no advantage with 
respect to survival over hydroxyurea in the German study, the degree of reduc- 
tion of tumor burden as measured by the degree of WBC suppression in the three 
treatment groups was compared [2]. The median WBC counts were found to be 
lower in the IFN- and hydroxyurea-treated groups than in the busulfan-treated 
group. The relevance of the degree of WBC suppression by IFN and hydroxyurea 
for survival was further supported by the comparison of the survival times of 
patients who reached normal or subnormal WBC counts at 6 months of treatment 
with that of patients with WBC counts above 10 x lo’/ml. The survival time was 
significantly prolonged in patients with low WBC counts in the IFN group and 
was prolonged to a lesser extent in the hydroxyurea group. A similar trend was 
observed in the busulfan group, but this was not significant; this is most prob- 
ably due to the fact that the WBC counts in the busulfan group were reduced to a 
lesser extent in order to avoid the risk of serious busulfan toxicity. These data 
confirm that the degree of WBC suppression by IFN and hydroxyurea might in- 
deed be relevant for the survival of CML patients. 



The Italian, British, and Japanese Randomized IFN Studies 

An Italian study on 322 Ph-positive patients (218 randomized for IFN and 104 for 
chemotherapy, mostly hydroxyurea [6]) observed a median survival time of 72 
months for IFN-treated patients versus 52 months for hydroxyurea-treated patients; 
this difference was significant (p = 0.003). Only major and complete cytogenetic 
IFN responders representing a group of patients with a substantially reduced tumor 
burden had a significant survival advantage over chemotherapy-treated patients. 

A British study on 587 CML patients with (n = 293) and without (n = 294) IFN 
maintenance therapy reported a median survival time of 63 months in 273 IFN- 
treated Ph-positive patients versus 43 months in 266 chemotherapy(busulfan or 
hydroxyureaj-treated Ph-positive patients [7]. This difference was also significant 
(p = 0.0009). Furthermore, this group found a significant increase in survival time 
for IFN-treated cytogenetic nonresponders. 

A Japanese study compared the influence of IFN (n = 80) and busulfan (n = 79) 
on the duration of the chronic phase, on survival, and on the hematological and 
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cytogenetic responses in Ph-positive CML [8] . The predicted 5-year survival rate 
was 54% in the IFN group and 32% in the busulfan group (p = 0.029). Seven pa- 
tients (8.8%) in the IFN group and two patients (2.5%) in the busulfan group 
reached a complete cytogenetic remission. There was no significant difference in 
the survival rate between cytogenetic responders in the IFN and busulfan groups. 
Cytogenetic IFN responders had little to no significant increase in survival time 
compared with nonresponders (p - 0.1065; log rank). 



Comparative Assessment of the Randomized iFN Studies 

In comparing the four randomized IFN studies, the following aspects have to be 

considered ([51]; to be published): 

1. Strategy of IFN therapy. Whereas the German protocol strictly asked for 
monotherapies in all therapy groups and rerandomization to hydroxyurea or 
busulfan after IFN resistance, a combination of IFN with chemotherapy was 
allowed in the Italian and British studies. The British study started with IFN 
only after tumor reduction had been achieved with hydroxyurea or busulfan. 
The combination of IFN with chemotherapy probably allows the continuation 
of IFN treatment in a higher percentage of patients which might confer some 
advantage with respect to survival. 

2. Risk profiles. The risk profiles of the patient populations studied in the vari- 
ous trials differ extensively. In the German study, for instance, the median sur- 
vival times differ more between risk groups than between treatment groups. 
The overall survival time of a patient group may depend more on the group 
composition than on therapy. Therefore, the knowledge of the risk profiles of 
the patient populations studied is essential for the interpretation of the data. 
Whereas overall survival times may differ considerably among treatment stud- 
ies, survival times stratified according to risk profiles maybe rather similar. As 
a measure of the different patient group compositions, the ratios of low- to 
high-risk patients according to Sokal [3] were calculated (Table 5). In the four 



Table 5. Risk profiles of patient populations of IFN studies according to the Sokal Index 



Risk group 




Randomized 






Nonrandomized 


Italian 
group 
1994 [6] 
(n = 218) 


German 
group 
1994 [2] 
(« = 133) 


British 
MRC 
1995 [7] 
(« = 293) 


Japanese 
group 
1995 [8] 
(n = 80) 


Mahon 
et al. 

1994 [12] 
(n = 52) 


Kantarjian/ 
Talpaz 
1995 [9] 

(n = 237) 


Low (%) 


43 


27 


24 


37 


46 


52 


Intermediate (%) 


33 


35 


34 


33 


36 


25 


High (%) 


24 


38 


41 


30 


18 


23 


Ratio of low to 














high risk patients 


1.79 


0.71 


0.59 


1.52 


2.67 


2.26 
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Table 6. Survival times after interferon therapy versus chemotherapy in randomized studies 







Months 




Significant difference 


Ratio of low 
to high risk 
patients 




IFN 


HU 


BU 


IFN vs. HU 


IFN vs. BU 


Italian group, 1994 [6] 


72 


52 


n.d. 


yes 


n.d. 


1.79 


Hehlmann et al., 1994 [2] 


66 


56 


45 


no 


yes 


0.71 


Allan et al., 1995 [7] 


61 


41 


41 


yes 


yes 


0.59 


Ohnishi et al., 1995 [8] 


60-65 


n.d. 


48 


n.d. 


yes 


1.52 



IFN, interferon; HU, hydroxyurea; BU, busulfan; n.d., not done. 



randomized studies, this ratio varies from 0.59 in the British study to 1.79 in 
the Italian study [2, 6-8] . In two nonrandomized studies [9, 46] , the ratios were 
above 2 (2.26 and 2.29). Study populations with higher ratios of low- to high- 
risk patients have a longer overall survival time than those with lower ratios. 

3. Treatment intensity of control groups. Table 6 summarizes the survival times 
in the four randomized IFN studies. It appears that whether and to what extent 
IFN is superior to hydroxyurea depends, at least in part, on the survival times 
of the hydroxyurea control groups. The defined and more efficient reduction 
of WBC counts by hydroxyurea in the German study which correlates with 
longer survival times is thought to be a major reason for failing to obtain a sig- 
nificant difference in survival between the IFN and hydroxyurea groups. Un- 
fortunately, no comparative analysis of WBC suppression as a measure of treat- 
ment intensity in the IFN versus the chemotherapy groups has so far been 
reported in the Italian and British studies. It, therefore, remains uncertain to 
what extent the differences in survival are due to differences in treatment in- 
tensity and in reduction of tumor burden in the chemotherapy control groups. 



Hematological and Cytogenetic IFN Response Rates 

Table 7 summarizes the hematological and cytogenetic IFN response rates in the 
four randomized IFN studies and in the retrospective study conducted with 274 
Ph-positive patients by the Houston group [9]. It should be noted that the degree 
of hematological response with IFN therapy depends to a considerable extent on 
whether IFN is given as monotherapy or in combination with another drug, such 
as hydroxyurea, which differs between studies. 

Cytogenetic IFN response rates depend both on the frequency of cytogenetic 
follow-up analyses (since usually even single responses are counted, as transient 
as they may be) and on the risk profiles of the patients. Furthermore, precision 
of this method is low due to the limited number of metaphases analyzed, in par- 
ticular after an incomplete cytogenetic remission has been reached. Therefore, the 
rates of complete cytogenetic remission as reported in the literature may vary 
between 6% and 26%. 
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Table 7. Hematologic and cytogenetic responses to interferon treatment 



Hematologic remission* 
(%) 



Cytogenetic remission'’ 
(%) 



Randomized trials 



Italian group, 1994 [6] 


68-87 


8 


German group, 1994 [2] 


83 


7.2 


British MRC, 1995 [7] 


86* 


6 


Japanese group, 1995 [8] 


78 


8.8 


Retrospective study 






Houston group, 1995 [9] 


87 


26 



* Complete and partial 
'* Complete 

* A und B-type response 



The median time to a complete hematological remission in IFN-treated patients 
has been determined to be about 6 months, and to any hematological response 
about 3 months [2, 44]. The median time to complete or major cytogenetic 
response is 12 months according to one report [9] . In another report, the median 
time to a complete cytogenetic remission was found to be 17 months [12]. 

It is still unclear whether IFN prolongs survival in cytogenetic responders or 
whether a cytogenetic IFN response simply recognizes a prognostically favorable 
subgroup of CML patients. If IFN primarily acts by reducing tumor burden, one 
would expect that IFN prolongs survival in all patients including cytogenetic 
nonresponders. Observations by the British group [7] and also by our group [2] 
of a prolongation of survival by IFN also in cytogenetic nonresponders support 
this prediction. 



Detection and Clinical Relevance of Minimal Residual Disease 

Although conventional cytogenetic analysis is still the gold standard for moni- 
toring IFN therapy, molecular genetic methods have been employed for detect- 
ing residual disease. Particularly the amplification of bcr-abl transcripts by reverse 
transcriptase-polymerase chain reaction (RT-PCR) has a high sensitivity and 
allows detection of very few residual leukemic cells (lo ’-io'O- Polymerase chain 
reaction (PCR) has been used previously for monitoring patients after allogeneic 
BMT, since this technique can be used to define the risk of relapse after BMT [52, 
53]. Residual leukemia is often detectable for several months after BMT, but the 
results of most PCR tests subsequently become negative [54]. A positive result with 
PCR 6-12 months after BMT is associated with a high risk of relapse [55]. New 
quantitative approaches (quantitative/competitive RT-PCR) have been employed 
to predict relapse on the basis of rising bcr-abl transcript levels [56]. 
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When applied to complete cytogenetic IFN responders, the same techniques 
demonstrate residual bcr-abl transcripts in virtually all cases [57-59]. In a quan- 
titative analysis of 20 complete cytogenetic IFN responders, persistent bcr-abl 
transcripts were detected in all cases by two-step quantitative RT-PCR over a range 
of four orders of magnitude with transcript numbers ranging from 10 to 22 000/ 
pi RNA (median, 750 transcripts/pg RNA) [60]. Using different PGR techniques, 
only very few cases with hcr-abZ-negativity on IFN therapy have been reported, 
most of which turned positive in repeated analyses ([61], for review see [60]). 
Apparently, IFN does not eradicate CML completely in the presently overseeable 
observation periods. It is interesting that, using an optimized PGR method with 
increased sensitivity, apparently very low levels of bcr-abl transcripts can be de- 
tected in 23% of normal adult blood donors [62]. 

Another molecular method of increasing significance is quantitative Southern 
blot analysis. With this method, the molecular response to IFN therapy can be 
monitored in short intervals using peripheral blood samples instead of bone 
marrow [63, 64] with a sensitivity similar to cytogenetic analysis. 



INF-Antibodies 

The development of neutralizing IFN antibodies maybe of clinical interest [65]. 
Neutralizing IFN antibodies have to be considered when, after an initial IFN 
response, leukocytes rise again in spite of increasing the IFN dosage. IFN anti- 
bodies can be overcome by the application of natural leukocyte IFN. Alternatively, 
remission can be reinduced with conventional chemotherapy, e.g., hydroxyurea 
[ 66 ]. 

Combination of IFN with Intensive Chemotherapy 

If survival in GML does indeed correlate with tumor burden, a further intensifi- 
cation of treatment would be the logical next step. This concept is currently be- 
ing realized by two approaches: 

1. The combination of intensive chemotherapy with IFN induction and/or main- 
tenance therapy should further reduce tumor burden, since the modes of action 
of these therapies differ and might complement each other. One retrospective 
study found some increase in survival time for patients treated with this com- 
bination compared with historic controls with IFN monotherapy, but failed to 
reach statistical significance [67]. The German GML Study Group is presently 
studying this approach prospectively in its randomized GML-Study III (com- 
bination of idarubicin and arabinosylcytosine with IFN induction and main- 
tenance therapy versus IFN/hydroxyurea standard therapy). 

2. Another approach is high-dose chemotherapy followed by autografting either 
with autologous bone marrow [68, 69] or peripheral blood stem cells [70]. In 
a study of autologous transplants in 200 patients with GML from eight centers, 
McGlave et al. reported a 5 year survival rate of more than 50% for chronic 
phase patients [71]. This indicates that high-dose chemotherapy followed by 
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autografting might become an alternative treatment modality for younger CML 
patients who do not have a suitable donor for allogeneic transplantation. Sup- 
port for the intensive approach also comes from survival analysis of 148 
patients who relapsed after allogeneic marrow transplantation [72]. These 
patients had a significant survival advantage over 417 matched controls with 
conventional therapy. 



Allogeneic Bone Marrow Transplantation 

In spite of progress with chemotherapy and IFN in CML, allogeneic BMT is still 
the only curative approach to CML [15, 16]. The success rate and long-term sur- 
vival rate after this procedure varies between 4o%-8o% according to the study, 
treatment center, and procedures used to minimize graft-versus-host disease 
(GvHD) [73, 74]. Although only a minority of sufficiently young patients with an 
HLA compatible donor qualify for this procedure, this number is considerably 
increased by the availability of unrelated donors from national and international 
bone marrow donor registries [75, 76]. 

Major complications of allogeneic BMT are GvHD and opportunistic infections, 
particularly with Pneumocystis carinii and cytomegalovirus. Attempts to decrease 
GvHD by T-cell depletion of the donor marrow prior to transplantation resulted 
in higher relapse rates and inferior survival, demonstrating the importance of a 
graft-versus-leukemia effect for the success of the transplantation [77, 78]. At 
present, the standard procedure against GvHD is a combination of cyclosporine 
A and methotrexate without T-cell depletion. A new approach is transplantation 
with allogeneic peripheral blood progenitor cells mobilized by granulocyte colony 
stimulating factor which is hoped to further reduce GvHD [79-82]. The graft-ver- 
sus-leukemia effect can be successfully used after relapse of CML by infusion of 
donor leukocytes [83]. Donor leukocytes induce a second remission in the ma- 
jority of relapses after allogeneic BMT. 

Of recent interest has been the influence of pretransplant therapy on the out- 
come of allogeneic BMT. A retrospective analysis of allogeneic BMTs by the 
IBMTR concluded that pretreatment with hydroxyurea was superior to that with 
busulfan [84]. In addition, the outcomes were better, the earlier the transplanta- 
tion was carried out in the course of CML [73, 84] . The best results were achieved 
when transplantations were carried out in the first year after diagnosis of CML. 
No definitive information is available on IFN pretreatment yet. Whereas one study 
concludes that IFN pretreatment has little influence on transplantation outcome 
[85], another study finds that extensive IFN pretreatment (longer than 1 year) may 
be disadvantageous, whereas IFN therapy of less than 1 year's duration has no 
influence on BMT outcome [86]. Since the patient number in the latter study was 
small, independent confirmation is needed. 

When counseling the young patient with CML, the decision to undergo an 
allogeneic BMT must take into consideration the early mortality associated with 
this procedure. Since allogeneic BMT, however, is a curative approach, most 
patients will choose BMT if they have a related donor. In the case of a transplant 
from an unrelated donor, which carries a higher risk, it appears reasonable to treat 
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with IFN and postpone transplantation if a cytogenetic response is obtained. In 
view of the early mortality of allogeneic BMT and the continued improvement 
of drug treatment, the German CML Study Group is currently conducting a con- 
trolled study to compare survival after allogeneic BMT with that after the best 
available drug therapy (IFN and hydroxyurea with or without subsequent inten- 
sive chemotherapy). 



Conclusion 



At present, the preferred therapies for CML include hydroxyurea, IFN, and allo- 
geneic BMT. All patients under the age of 55 should be counseled with regard to 
allogeneic BMT soon after diagnosis, and the search for a compatible donor 
should be started as early as possible. Concerning drug therapy, IFN and hy- 
droxyurea are both superior to busulfan with respect to the duration of the chronic 
phase and survival of patients with Ph-positive CML. Whether and to what extent 
IFN is superior to hydroxyurea appears to depend at least in part on the degree 
of WBC depression, i.e., on the reduction of tumor burden by hydroxyurea, but 
probably also on IFN dosage and patients' risk characteristics. In analyzing sur- 
vival times, the risk profiles of the patients have to be considered. In future, 
intensive chemotherapy with or without autografting might play an important 
role in the therapy of chronic phase CML. Forthcoming trials have to consider both 
conventional and new experimental treatment modalities. As an example. Fig. 2 
shows the treatment strategy of the German CML Study Group which is to com- 
pare allogeneic BMT with drug therapy and, in addition, to analyse the influence 
of intensified drug therapy on survival. It is also considering as a future approach 
high-dose chemotherapy followed by autografting as a means of further decreas- 
ing tumor burden and thereby prolong life. 



Fig. 2. Treatment strategy 
of the German CML Study 
Group for chronic 
myelogenous leukemia. 
HU, hydroxyurea; INF, 
interferon; Ara-C, 
arabinosylcytosine; allo- 
BMT; allogeneic bone 
marrow transplantation. 
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CHAPTER 6 



Interferon Therapy of Essential Thrombocythemia 
and Polycythemia Vera 

A.Wehmeier 



Introduction 

The chronic myeloproliferative disorders are clonal diseases of the hematopoietic 
stem cell. Polycythemia vera (PV) is characterized by extensive trilineage bone 
marrow hyperplasia, whereas in essential thrombocythemia (ET), proliferation 
of the megakaryocytic lineage prevails. Both diseases run a relatively benign clini- 
cal course, and survival is almost normal. Morbidity and mortality result prima- 
rily from vascular complications, i.e., thromboembolism, microcirculatory disor- 
ders, and bleeding. Other symptoms include pruritus, splenomegaly, and in PV 
plethora, arterial hypertension, and signs of iron deficiency. 

Many younger patients with ET are asymptomatic, whereas patients with PV 
usually need phlebotomy to lower the hematocrit. However, both patient groups 
share the risk of severe thromboembolic complications that is primarily due to 
hyperproliferation of clonal megakaryocytopoiesis. Thrombocytosis is not cor- 
rected by phlebotomy and may even be worsened due to iron depletion. Acetyl- 
salicylic acid and other platelet inhibitory drugs have produced unsatisfactory 
results in many patients. Alkylating agents and ’"“P effectively control trilineage 
bone marrow hyperplasia, but have been shown to be leukemogenic. Besides 
hydroxyurea (HU), interferon alpha (IFN-a) has been shown to be effective in the 
normalization of red cell and platelet counts, and it also reverses the other symp- 
toms of PV and ET, such as pruritus, splenomegaly, and iron deficiency in most 
patients. During the past few years, recom':Inant IFN-a has been increasingly 
evaluated in the treatment of chronic myeloproliferative disorders (MPD). This 
chapter briefly reviews the clinical characteristics of PV and ET, and focuses on 
the objective of using IFN-a in treating these disorders. The clinical data published 
so far are summarized, and the specific problems and possible benefits of pro- 
longed IFN therapy in chronic MPD are discussed. 



Epidemiology and Diagnosis 

Myeloproliferative disorders maybe subdivided into two clinically distinct groups: 
one with progressive disease and significantly reduced survival times, compris- 
ing chronic myeloid leukemia (CML) and myeloid metaplasia with bone marrow 
fibrosis, and another group with a more indolent clinical picture and almost nor- 
mal life span which includes P V and ET. Both diseases are comparatively rare: the 
incidence of PV is estimated to be 5-16 cases per 1 million people in most popu- 
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lation-based studies [1-4], but in some areas a very high incidence, 25-35 cases 
per 1 million, has been reported on the basis of hospital records. This discrepancy 
is possibly due to selection bias or increased awareness of the disease in some 
centers [4,5]. 

Such epidemiological data are not available for ET. Estimations from the Mayo 
Clinic suggest that its relative incidence in relation to PV is about 4 : 1 [6]. At the 
Hematology Department of Diisseldorf University, we found an incidence ratio 
of PV to ET of 3.2 : 1 in a survey of 260 patients with MPD diagnosed between 
1976 and 1986 [7] . However, since the mid-1980s, the number of newly diagnosed 
patients with ET has continuously increased, and today equals that of PV. It is 
uncertain whether this reflects a true rise in incidence of the disease or just the 
fact that nowadays all blood counts are performed by automated cell counters and 
include a determination of the platelet count. 

There seems to be no clear sex predilection for PV, whereas women are more 
prone to develop ET. In our own historical group of 128 patients with ET, there were 
95 women and 33 men (ratio 2.9 ; 1). PV is primarily a disease of the elderly (me- 
dian age at diagnosis 60-80 years), whereas ET has a broad age distribution with 
a peak between 50 and 70 years (Fig. 1). 

The diagnosis of PV is traditionally based on an absolute increase in red cell 
mass and normal oxygen saturation as defined by the Polycythemia Vera Study 
Group (PVSG), thus excluding secondary polycythemia. Features of a myelopro- 
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Fig. 1 . Age distribution of patients with essential thrombocy themia ( white columns) and poly- 
cythemia vera (dark columns). Patients were diagnosed between 1975 and 1995 at the Depart- 
ment of Hematology, Oncology and Clinical Immunology, Dusseldorf University Medical Center 
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Table 1. Polycythemia Vera Study Group criteria for the diagnosis of polycythemia vera and 
essential thrombocythemia [8,23] 



Diagnostic criteria for polycythemia vera (A1+A2+A3 or A1+A2+ any B2 criteria) 

Category A 

1. Increased red cell mass: 
male ^ 36 ml/kg 
female S 32 ml/kg 

2. Normal arterial oxygen saturation (> 92%) 

3. Palpable splenomegaly 

Category B 

1. Platelet count > 400 x lO’/l 

2. White blood cell count > 12 x lOVl without fever or infection 

3. Leukocyte alkaline phosphatase score > 100 without fever or infection 

4. Serum vitamin Bj^ level > 900 pg/ml 

Diagnostic criteria for essential thrombocythemia (all criteria have to be fulfilled) 

1. Platelet count > 600 x 10 VI 

2. Hemoglobin <13 g/dl or normal red cell mass (males < 36 ml/kg, females < 32 ml/kg) 

3. Stainable iron in marrow or less than 1 g/dl rise in hemoglobin after one month of iron 
therapy 

4. No Philadelphia chromosome 

5. No collagen fibrosis of bone marrow or less than one-third of the biopsy area without 
both splenomegaly and leukoerythroblastic blood count 

6. No known cause for reactive thrombocytosis 



liferative disorder, such as splenomegaly, leukocytosis, thrombocytosis, elevated 
leukocyte alkaline phosphatase and vitamin levels are additional diagnostic 
criteria (Table 1) [8]. In recent years, other criteria such as bone marrow histol- 
ogy [9, 10] low serum erythropoietin levels [11-13], demonstration of clonality 
markers [14-16], and spontaneous formation of erythroid colonies in vitro with- 
out the addition of erythropoietin have been proposed [17-20]. 

In contrast, the diagnosis of ET is one of exclusion, due to the fact that ET is 
by far outnumbered by reactive thrombocytosis [21, 22] . Accordingly, one of the 
criteria established by the PVSG is “no known cause of reactive thrombocytosis” 
[23] (Table 1). Patients showing signs of an acute phase reaction have to be 
excluded, and interleukin-6 levels maybe of diagnostic significance in these cases 
[24, 25]. As cytogenetic abnormalities are very rare in ET,the diagnosis can some- 
times be made only by prolonged clinical observation. Recently, the spontaneous 
growth of megakaryocyte colonies in culture has been established as a positive 
and highly specific diagnostic criterion [26, 27]. 

Once the diagnosis of a MPD has been established, it may sometimes be diffi- 
cult to determine the exact type. Problems often arise in classifying the early 
stages of MPD, especially the hyperproliferative stage of myelofibrosis. Histo- 
morphometric analysis by an experienced pathologist may be helpful in these 
situations [28]. 
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Clinical Course of ET and PV 

The clinical course of PV and especially ET is benign in comparison with the more 
aggressive myeloproliferative disorders, CML and osteomyelofibrosis with my- 
eloid metaplasia. Progression to acute leukemia occurs in about io% of patients 
with PV and is rarely observed in ET. Development of leukemia seems to be a 
consequence of cytoreductive therapy rather than “spontaneous” disease progres- 
sion [29-34]. The survival time of ET patients is normal compared with an age- 
and sex-matched control group, whereas the survival time of PV patients maybe 
reduced, especially in the younger age groups [35-38]. 

The vast majority of disease-associated morbidity and mortality in P V and ET 
is due to vascular complications. In a survey of ET evaluating eight larger studies 
with a total of 570 cases, Grieshammer et al. [39] concluded that 25% of patients 
experienced one or more thrombotic complications, 40% had microcirculatory 
disturbances, and only 29% were asymptomatic. However, there are wide varia- 
tions in the incidence of vascular complications between different studies, mainly 
due to patient selection [40]. Of 219 patients entering the PVSG protocol 01, two- 
thirds (146 patients) developed thrombotic episodes during follow-up, and throm- 
bosis was the most frequent cause of death with 29.2% of in-study fatalities [41]. 
A large retrospective analysis of 1213 patients from the Italian Study Group on 
Chronic Myeloproliferative Disorders and Polycythemia Vera revealed that the 
incidence of fatal and nonfatal vascular events was 3.4% per patient year, and that 
29% of deaths were due to thrombosis [42]. Other study groups have reported 
comparable results [7,43] unless intensive cytoreductive therapy was carried out 
to normalize red cell and platelet counts [41, 44, 45]. 

Arterial complications, primarily cerebral infarctions and transitory ischemic 
attacks, in addition to myocardial and peripheral arterial thrombosis, are the most 
frequent vascular complications of PV and ET, followed by deep venous throm- 
bosis with or without pulmonary embolism [41, 46-48]. Portal and mesenteric 
vein thrombosis and Budd-Chiari syndrome are comparatively rare vascular com- 
plications. However, they are relatively specific for PV, ET and paroxysmal 
nocturnal hemoglobinuria [43, 49, 50]. Other frequent and rather specific com- 
plications of PV and ET are disorders of the microcirculation manifesting as 
neurological complaints, visual disturbances, digital ischemia, or erythromelal- 
gia [39,40,51]. Unless MPD is suspected, these characteristic symptoms are often 
misinterpreted and not taken seriously. Microcirculatory disease in chronic MPD 
is not restricted to patients with high platelet counts and may herald the onset of 
severe thromboembolic events [51]. 

There are a few other parameters that predict vascular complications in chronic 
MPD. Bleeding complications occur in about 15% of patients [39] , although higher 
rates have been reported in some studies [40] . Bleeding occurs predominantly at 
very high platelet counts, or is associated with platelet-inhibitory drugs. An 
abnormal distribution of von Willebrand factor multimers is associated with very 
high platelet counts [52], and this may cause or enhance the bleeding tendency 
in chronic MPD [53]. The hematocrit is the only laboratory parameter that may 
be associated with thrombosis [7, 54], although this was not reflected in PVSG 
protocols [55]. Platelets are certainly involved in the pathogenesis of thrombosis 
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and bleeding in chronic MPD.but the risk of thromboembolic events in individual 
patients cannot be estimated on the basis of platelet count, platelet function tests, 
or other platelet parameters [40,55-58]. 

Analysis of the early PVSG studies revealed that the strongest risk factor for a 
patient with PV to develop a thrombotic event was treatment with phlebotomy 
alone. A large percentage of patients with previous thrombotic complications 
experienced a second event; hence, a history of thromboembolism may be another 
risk factor [41]. Elderly patients with myeloproliferative disorders have an in- 
creased rate of vascular events [40-42] but it is uncertain if this exceeds the gen- 
eral increase of thrombotic episodes with age. Although the complication rate is 
lower in younger patients, it is still considerably elevated compared with that in 
healthy individuals, and severe vascular events may occur without preceding 
symptoms [59-63]. 

PV patients with long-standing disease often develop myelofibrosis with 
splenomegaly, and this tendency is enhanced by the use of phlebotomy without 
myelosuppression [34, 41]. In patients with myelofibrosis, the incidence of second- 
ary leukemia may be elevated [32]. 



Rationale of IFN Treatment in Chronic MPD 

IFN-a is a cytokine which has antiproliferative effects on hematopoietic precur- 
sors and which modulates stromal and immunocompetent cells. The mechanism 
of action of IFN in MPD has not been clearly established. Although IFN has direct 
inhibitory effects on normal and clonally derived progenitor cells, this may not 
be the primary effect of cytoreduction in chronic MPD. 

Progenitor cells in CML exhibit impaired migration due to defective expres- 
sion of adhesion molecules [64, 65]. It is speculated that by this mechanism pro- 
genitor cells in CML escape the growth control of stromal cells exerted by inhibi- 
tory cytokines [66]. IFN-a may normalize the defective adherence of CML 
progenitors to stromal cells thus reinstituting the control of growth regulation 
[67]. Other lines of evidence suggest that IFN-a may inhibit the expression of 
secondary cytokines with growth factor activity for clonal hematopoiesis [68, 69] . 

Clinical studies initiated by Talpaz [70] have shown that IFN-a can induce 
hematologic remission in CML, and that it may suppress the Ph^-positive clone 
in a subset of patients. A cytogenetic response to IFN-a is associated with a signifi- 
cantly longer survival time than for nonresponders [71]. This ability of IFN-a to 
induce a major cytogenetic response for prolonged periods of time was not 
observed with other cytoreductive drugs. 

IFN-a has also been shown to control red cell and megakaryocyte prolifera- 
tion in chronic MPD. Due to lack of clonal markers in the majority of these 
patients, suppression of the myeloproliferative clone is difficult to ascertain in PV 
and ET. However, a proportion of patients on long-term therapy may need sub- 
stantially lower IFN doses than in the case of induction therapy to control the 
disease. Most of these patients are completely asymptomatic and have normal cell 
counts. Thus, there is a chance that prolonged IFN therapy leads to a slow disap- 
pearance of clinical symptoms of chronic MPD due to suppression of the myelo- 
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proliferative clone. At present, it is uncertain which percentage of patients respond 
in that way and how long the effect may last. There are a few case reports in which 
IFN-a therapy was discontinued after a couple of years without recurrence of 
MPD (see below). However, most patients relapse within a few months after ces- 
sation of interferon treatment. 

In contrast to most other cytoreductive agents, IFN-a does not seem to induce 
secondary leukemias or other neoplasms. This is an important aspect especially 
for younger patients with an otherwise normal life span. Recently, it has been 
reported that women on IFN-a therapy during pregnancy gave birth to healthy 
children (reviewed in [72]), and IFN was even advocated as the therapy of choice 
for young women with chronic MPD in need of cytoreductive therapy who intend 
to be come pregnant [73]. 

On the other hand, many patients do not tolerate long-term therapy with IFN-a 
due to specific side effects of this cytokine. In addition, therapy with recombinant 
IFN-a is expensive and the drug has to be injected subcutaneously. These issues 
have not yet been resolved. However, there is good evidence that IFN-a may be 
one of the most promising drugs in primary therapy of younger patients with 
chronic MPD. 



Clinical Studies with IFN in ET and PV 

Essential thrombocythemia 

After the report by Talpaz et al. [70] in 1983 that IFN can control thrombocytosis 
in CML, its effect on other MPD was also investigated. In 1988, Velu and Delwiche 
[74] summarized their observations with 15 ET patients from three centers. This 
report was a comment in response to Giles et al. [75] who presented data on 18 
patients with ET. From these early data it was concluded that the majority of 
patients with ET responded to various IFN-a (2a, 2b, and 2c), that the response 
was dose-dependent, and that continuous maintenance therapy was necessary to 
keep the platelet count with in the normal range. In the following years, a number 
of authors published data on small groups of patients (10-26 patients). The 
duration of treatment was less than 1 year in most studies, and interferon doses 
varied from 12-70 MU/week (Table 2). Treatment usually consisted of an induc- 
tion phase of several weeks with a daily administration of 3-5 MU IFN to lower 
the platelet count, followed by maintenance therapy with reduced doses. Most 
patients had complete or partial normalization of their platelet counts within 
1-6 months, and the rate of nonresponders was o%-3i%. However, almost all 
patients had acute side effects in the form of a flu-like syndrome consisting of 
fever, muscle and joint pain, weight loss, and lethargy. Some of these studies 
showed that up to 30% of patients discontinued therapy due to side effects, and 
secondary resistance to IFN-a was also reported [76, 77]. 

These studies clearly established that IFN-a was effective in lowering the plate- 
let count in ET. A response to therapy was observed with all preparations of IFN-a 
in 8o%-90% of patients within three months, and patients pretreated with other 
medications also responded. However, the crucial questions, i.e., whether control of 
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Table 2. Therapy with IFN-a in patients with essential thrombocythemia. Results of clinical 
studies with treatment of less than 1 year 



Author 


Patients 


IFN dose 


Duration 


Cr“ 


PR>> 


NR 


Discontinuation 




(n) 


per week 
(MU) 


of therapy 
(weeks) 


(%) 


(%) 


(%) 


of therapy 
(%) 


Ludwig, 
1987 [119] 


5 


20-70 


24- 44 


60 


40 






Giles, 
1988 [75] 


18 


20-35 


8- 20 




100 






Velu, 

1988 [74] 


15 


12-35 


8- 13 




100 






Belluci, 
1988 [77] 


12 


14-63 


15- 48 


42 


42 


16 


33 


Gugliotta, 
1989 [104] 


10 


21 


11 


60 


40 






Lazzarino, 

1989[76] 


26 


7-28 


52 


62 


27 


11 


27 


May, 

1989 [120] 


9 


14-28 


4-104 


89 




11 




Talpaz, 
1989 [121] 


8 


5-70 


4-120 


38 


38 


24 




Abegg-Werter, 
1990 [122] 


6 


15-35 


12- 41 


83 




17 




Girait, 
1991 [123] 


13 


6-21 


8- 41 


15 


54 


31 




Yataganas, 
1991 [124] 


9 


9-35 


52 


67 


33 






Rametta, 
1994 [125] 


25 


21 


24 


52 


40 


8 





CR, complete response; PR, partial response; NR, no response 
“ CR, platelet count < 400 x 1071 

•’ PR, platelet count < 600 x 1071 or reduced by at least 50% 



the platelet count results in the disappearance of chnical symptoms and vascular 
complications, and whether treatment with IFN-a is effective and tolerable over 
many years, could not be addressed by these preliminary studies. Even today, 
experience with long-term interferon treatment in chronic MPD is still limited. 

In the study of i8 patients reported by Giles et al. [75], the interferon dose was 
adjusted so that platelet counts were below 600 x loVl for the 2-5 months follow- 
ing induction therapy. Thrombocytosis-associated symptoms resolved within 
1 week, and no patient had a palpable spleen after 1 month of treatment. In an 
update of their results [78], the authors showed that control of platelet counts was 
achieved in 19/22 patients treated for more than 6 months, and that no hemor- 
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rhagic or thrombotic events occurred during almost 300 patient months on 
therapy. Gisslinger et al. [79] reported on their experience with IFN-aac therapy 
in 31 patients with MPD, nine of whom had ET and 15 had PV. 22 patients (7i“/o) 
maintained normal platelet counts for 1 year and experienced a reduction or com- 
plete abolition of symptoms. When IFN was withdrawn after 1 year of therapy, 
thrombocytosis rapidly recurred but a second remission could be achieved by 
resumption of IFN therapy. Gisslinger et al. updated their results on 20 patients 
with ET who were treated for up to 4 years [80]. During long-term therapy, 65% 
of patients achieved a complete response (CR) and another 20% a partial response 
(PR) (for definitions see Table 2). Platelet counts remained low despite consider- 
able reductions in IFN dose during maintenance therapy, and disease-related 
symptoms were significantly reduced. However, IFN treatment had to be discon- 
tinued due to IFN side effects in four patients, and in another six patients due to 
other reasons, so that only half of the initial patient group tolerated long-term 
IFN therapy. Studies by Lazzarino et al. [76] and Seewann et al. [81] yielded very 
similar results with response rates of 84% (CR+PR) and 78% (CR), and discon- 
tinuation rates due to IFN toxicity of 28% and 25%, respectively. 

Middelhoff and Boll [82] reported on six patients with ET treated with IFN- 
«2b, four of whom were kept on therapy for > 40 months. In four patients treated 
for 40 months or longer, IFN was discontinued at the request of the patients. Three 
patients experienced a relapse and one retained platelet counts below 500 x loVl 
without therapy. Other reports of patients with ET who had normal or near nor- 
mal platelet counts for several months or years after interruption of long-term 
IFN therapy have been published [83, 84], but most patients seem to need a low 
maintenance dose of IFN. 

Wehmeier et al. [85] reported on 53 patients with ET treated with IFN-a for a 
median of 22 months, and in 13 patients, therapy was continued for over 3 years. 
Starting with low doses of IFN (without induction therapy), platelet counts were 
significantly reduced in all patients but CR was observed in only 38%. There were 
seven thrombotic complications during IFN therapy, and all of these patients had 
platelet counts above 450 x loVl. Symptoms of ET generally improved during 
therapy, but 29 of 43 patients with microcirculatory disturbances were not com- 
pletely free of complaints. Therapy was discontinued in 12 patients (22.6%) after 
1-24 months due to side effects. However, all patients on therapy for more than 3 
years tolerated IFN-a well and had platelet counts below 600 x loVl at a low IFN-a 
maintenance dose of 6 MU/week (median). 



Polycythemia Vera 

Linkesch et al. [86] were among the first to report the control of elevated platelet 
counts in 15 patients with chronic MPD, among them seven with PV. The authors 
noted that upon normalization of the platelet count, leukocyte, and red blood cell 
counts were also reduced. The results of IFN therapy in PV were recently reviewed 
by Taylor et al. [87]. The authors analyzed 100 cases, reports on which were pub- 
lished between 1991-1995 [88-97], including 17 of their own cases. IFN dosages 
ranged between 4.5-24 MU/week. A hematocrit below 45% was reached by 60% 
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of patients without the need for further phlebotomy, and an additional 27% had 
reduced phlebotomy requirements. Only 13% were nonresponders, and 14% did 
not tolerate IFN therapy. Regression of the spleen was found in almost all respond- 
ers, and pruritus was ameliorated in 34 of 44 evaluable patients { 77 %). In addi- 
tion, red cell counts normalized in most patients indicating replenished body iron 
stores, which may lead to an improved general well-being. 

Very similar findings were observed in an additional 48 patients not included 
in the above analysis [98-100]. However, it was also found that with longer dura- 
tion of treatment the percentage of patients not tolerating IFN may increase to 
about 30%, and that IFN therapy does not preclude thrombotic events, especially 
if the hematocrit is not well-controlled [99]. A prospective crossover study was 
performed by Sacchi et al. with 22 patients with PV [101]. The number of phle- 
botomies, white blood cell (WBC) and platelet counts were significantly lower 
during 5 months of therapy with lymphoblastoid IFN (a n-i IFN, 3 MU daily) 
compared to 5 months of phlebotomy alone. During IFN therapy, spleen size was 
reduced in 43% of patients, and symptoms of PV were better controlled than 
during phlebotomy. 



Side Effects of IFN Therapy and Discontinuation of Treatment 

Almost all patients had side effects during induction therapy with IFN-a. These 
“flu-like symptoms” include fever, malaise, lethargy, muscle and joint pain, and 
weight loss. The symptoms are dose dependent and immediately reversible on 
cessation of IFN, and there is some tachyphylaxis in most patients. Administra- 
tion of paracetamol can usually control this syndrome. However, there are side 
effects associated with long-term IFN therapy which are the main reason for 
discontinuing treatment. 

Gastrointestinal side effects, weight loss and malaise may persist without fever 
and myalgia, and depression or other neuropsychiatric disorders are a major prob- 
lem. Other symptoms of long-term IFN-a treatment are alopecia, elevation of 
hepatic enzyme levels, and stimulation of autoimmune diseases, primarily 
autoimmune thyroiditis. A combination of several complaints is sometimes found. 
In addition to the constant need for subcutaneous injections, such symptoms 
hinder patient compliance. This is reflected by a high rate of patients (20%-35%) 
who discontinued therapy after 2-3 years [80, 82, 85, 87, 99, 102, 103] . Most patients 
remaining on therapy have few side effects due to the relatively low maintenance 
doses needed for the control of platelet counts. However, including primary 
nonresponders and patients who develop neutralizing IFN-antibodies, it is esti- 
mated that only 6o%-70% of patients initially started on therapy may be long- 
term responders to IFN-a. 



Effect of IFN Therapy on Bone Marrow and Cytogenetic Abnormalities 

In PV and ET, the bone marrow is hypercellular with increased numbers of 
megakaryocytes often located in clusters [10, 28] . The size of megakaryocyte colo- 
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nies in vitro is greater in bone marrow from patients with ET than from normal 
individuals. It has been shown that administration of IFN-a to patients with ET 
may normalize the concentration of megakaryocytes in vivo [76] and significantly 
decreases the number and size of megakaryocyte colony-forming units in vitro 
[104]. Morphometric parameters of megakaryocytes were also evaluated before 
and after a median of 1 year of interferon therapy. Megakaryocyte size, density, 
and the number of hyperlobulated megakaryocyte nuclei decreased in patients 
with PV and ET, and pyknotic nuclei were often found during IFN therapy [105, 
106]. Lowering of platelet counts during IFN therapy is caused by a decrease in 
the platelet production rate,i.e.,by an antiproliferative effect on megakaryocytes. 
In addition, the lifespan of platelets in the circulation is shortened by IFN therapy 
[107]. In individual patients with cytogenetic abnormalities, complete cytogenetic 
responses were observed [96, 101, 108]. Reduction of an abnormal clone in a 
patient with PV and IgA paraproteinemia from 100% to 50% of cells analyzed was 
reported by Hino et al. [109]. 

These results demonstrate that IFN-a reduces the characteristic bone marrow 
hyperproliferation of chronic MPD and partly reverses morphologic abnormali- 
ties of megakaryopoiesis. In addition, IFN-a may selectively suppress clonal 
hematopoiesis in patients with ET and PV which is comparable to its effect on the 
Ph_ -positive clone in CML. 



Alternative Cytoreductive Therapies 

Alkylating agents and ^^P have been traditionally used to treat PV. Both are effec- 
tive cytoreductive agents with few side effects but are regarded as obsolete for 
younger patients due to their leukemogenic effects [29, 32] . However, administra- 
tion of ^^P may still be a valuable treatment for older patients with poor compli- 
ance [110,111]. 

In recent years, hydroxyurea, an inhibitor of the enzyme ribonucleotide 
reductase, has been favored by most hematologists due to its ease of administra- 
tion and relative lack of severe side effects. It has been extensively studied both 
in PV and ET and produces a high rate of complete hematologic remissions [31, 
35 . 37 . 44]- However, hydroxyurea may also induce leukemia after a prolonged 
administration of 8-10 years [32,33]. At present, hydroxyurea is still regarded as 
the standard treatment of chronic MPD by many hematologists. As an alternative, 
pipobroman is used mainly by French and Italian hematologists, and has response 
rates similar to hydroxyurea, good clinical tolerance, and little secondary resist- 
ance [44,112-114]. 

In recent years, the quinazoline derivative, anagrelide, has been evaluated in 
patients with excessive thrombocytosis. Anagrelide selectively inhibits mega- 
karyopoiesis by an unknown mechanism but does not influence proliferation 
of other cell lines [115, 116 ] . Preliminary results suggest that thrombocytosis can 
be successfully suppressed by anagrelide and that vascular complications may 
be reduced. Anagrelide has primarily cardiovascular and gastrointestinal side 
effects which lead to discontinuation of the therapy in about 16% of patients 
[117,118]. 
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Open Questions 

Although it has been demonstrated that IFN-a is an effective therapy for chronic 
MPD,the most important questions still remain to be answered. Firstly, its relative 
efficacy in relation to other treatment options has to be evaluated. Is it worthwhile 
to accept side effects, costs, and effort of long-term IFN therapy? Does it lead to 
better control of symptoms, less progression to leukemia, or potentially permanent 
suppression of the myeloproliferative clone after some years of treatment? Secondly, 
patient groups have to be defined that benefit from IFN in terms of a hematologic 
and cytogenetic response comparable to CML. If the rate of side effects and discon- 
tinuation of IFN is high, it is important to know early in the course of treatment 
who will benefit from the therapy. Thirdly, more information about the mode of 
action of IFN-a is required. IFN therapy in myeloproliferative disease is a model 
of a chronic clonal disorder that may be down-regulated by a biological agent. 



Summary 

PV and ET are clonal disorders of the hematopoietic stem cell. In polycythemia, 
trilineage hyperproliferation of bone marrow occurs resulting in an elevated 
hematocrit and high platelet count, whereas thrombocythemia affects predomi- 
nantly megakaryocyte proliferation. Diagnostic criteria have been proposed by 
the PVSG primarily to select patients for prospective clinical studies. However, 
these criteria have been useful to differentiate PV and ET from secondary poly- 
cythemia and reactive thrombocytosis, and from other hematologic conditions, 
primarily other MPD. In recent years, the diagnostic criteria have been modified 
to include a determination of erythropoietin serum levels and the growth of 
endogenous colonies in culture. 

The clinical course of PV and ET is relatively benign, and survival times of 
patients with ET are not reduced. Complications arise from thromboembolic 
events and disorders of the microcirculation, mainly neurologic complaints, dig- 
ital ischemia, or erythromelalgia. Bleeding, most often gastrointestinal or from 
other mucosal surfaces, and symptoms of splenomegaly are also common. Bleed- 
ing is associated with very high platelet counts and the use of nonsteroidal anti- 
inflammatory drugs (NS AID). Thromboembolic complications occur independ- 
ently of the platelet count and are associated with hematocrit, phlebotomy, age 
and previous thrombotic events. PV most often evolves to a “spent phase”, char- 
acterized by splenomegaly, low cell counts, and myeloid metaplasia with myelo- 
fibrosis. About 10% of patients with P V may develop acute leukemia, and this per- 
centage may be even higher in patients treated with alkylating agents or ^'‘P. It is 
estimated that less than 30% of patients with ET and almost none of the patients 
with PV remain asymptomatic during long-term follow-up. Initially, many 
younger patients with ET are not treated at all or just take platelet-inhibitory 
agents, and many patients with PV are managed with phlebotomy alone; however, 
most patients need cytoreductive therapy when they become symptomatic. 

Alkylating agents and ’^P have been traditionally used as cytoreductive agents 
in ET and PV; however, it has been shown that they are associated with an unac- 
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ceptably high rate of leukemia development. At present, hydroxyurea is consid- 
ered the standard treatment for these patients. Since long-term therapy with 
hydroxyurea may also be associated with a io% risk of leukemia development, 
alternative treatment modalities for younger patients are needed. IFN-a, pipo- 
broman, and anagrelide are currently being investigated. 

IFN-a has been shown to control WBC and platelet count in CML. Moreover, 
most patients reach a complete hematologic response and in a subset of patients 
a selective inhibition of the Ph^-positive clone occurs. In the mid 1980s, the first 
reports appeared that IFN-a may also be useful to treat ET and PV. A number of 
smaller studies have appeared since then which show that about 70%-8o% of 
patients on IFN therapy have a complete or partial normalization of their plate- 
let counts, and that about 60% of patients with PV can be managed without phle- 
botomy. However, the follow-up period of most of these studies is short (less than 
1 year), and information on long-term treatment with IFN-a is still scarce. In those 
few studies evaluating symptomatic response to IFN treatment, it has been shown 
that 6o%-8o% of patients experience an improvement of symptoms, although 
microcirculatory disorders may not completely be abolished. Thrombotic epi- 
sodes may still occur, especially if the platelet count is not completely normalized. 

Problems with IFN therapy include the need for subcutaneous injection and a 
high rate of side effects. During the first months of treatment, a flu-like syndrome 
is observed in almost all patients, consisting of fever, myalgia, weight loss, and 
lethargy. During long-term therapy, symptoms such as alopecia, neuropsychiat- 
ric disorders, and autoimmune diseases, primarily thyroiditis, prevail. Primary 
and secondary resistance due to IFN antibodies and the side effects of therapy 
account for the large proportion of patients (2o%-35%) that discontinue therapy 
with IFN-a. However, side effects are dose-dependent and fully reversible after 
discontinuation of the drug. Most patients who do not tolerate IFN-a discontinue 
therapy within the first 2 years of treatment. During long-term therapy, IFN doses 
can usually be significantly reduced and side effects are not common. This may 
be due to a selective suppression of the myeloproliferative clone that has been 
documented in a few patients with PV and cytogenetic abnormalities which dis- 
appeared during IFN therapy. Although the majority of patients with PV and ET 
have IFN-sensitive relapses after discontinuation of the drug, there are case 
reports of almost normal cell counts months or even years after the end of therapy. 

Due to its effective control of trilineage hematopoietic hyperproliferation, its 
lack of leukemogenic side effects, and the potential for selective suppression of 
the myeloproliferative clone, IFN-a should be studied in prospective, long-term 
clinical trials in chronic MPD. 
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Follicular Lymphomas: 

Morphology, Prognostic Factors and Treatment 

B. Coiffier, F. Berger, and F. Giles 



The Low-Grade Non-Hodgkin's Lymphomas 

Meaningful discussion of therapy of a disease requires a precise definition of the 
pathologic entity needing therapy. This requirement is only partially fulfilled for 
the non-Hodgkin's lymphomas (NHL). Classification of these malignancies is 
particularly difficult at present as molecular biologists, cytogeneticists, immu- 
nologists, histopathologists and clinicians all strive to increase diagnostic preci- 
sion with the NHLs. This article concentrates on the low-grade lymphomas which 
are subdivided differently in the two most commonly used histologic classifica- 
tions for lymphomas - the Working Formulation for Clinical Usage [i, 2] and the 
Kiel Classification [3, 4]. Although these classification systems allow differentia- 
tion of lymphoma subtypes by histology [5], classification according to progno- 
sis is more difficult since the final outcome may change with treatment. These so- 
called low-grade lymphomas can be divided into two broad categories, follicular 
lymphomas and diffuse B or T small-cell lymphomas (Table 1). The clinical ag- 
gressiveness associated with the two categories of lymphomas, as well as the out- 
come of these patients, is variable. In some cases the lymphomas have very low 
clinical aggressiveness and patients have a long survival time irrespective of the 
type of treatment. In other cases, the lymphomas are much more aggressive, with 
patients having a low response rate to treatment, a short progression-free survival 
and short overall survival. 

Typically, low-grade lymphomas progress very slowly at first but then may 
convert into a more aggressive large-cell lymphoma which is often refractory to 
treatment. Complete remissions (CR) are rare, with a long-term survival rate of 
less than 20%. 

The frequency of each lymphoma subtype observed by the Hematology Serv- 
ice at the Hospices Civils de Lyon is shown in Table 2 [11]. Follicular lymphomas 
and diffuse small B-cell lymphomas respectively represent 16% and 20% of all 
lymphomas seen at this center. Although the proportion of follicular lymphomas 
has tended to decrease or remain stable, a growing proportion of diffuse small 
B-cell lymphomas exists compared with that seen 10 or 15 years ago. 



Diffuse Small B-Cell Lymphomas 

As shown in Table i,the diffuse small-cell lymphomas (DSCL) encompass several 
different subtypes, each of which has a characteristic clinical presentation, 
response to treatment and associated survival time. 




Follicular lymphomas Follicular small cleaved Follicle center lymphoma Mixture of centroblasts and centrocytes; 

(centrocytic-centroblastic) Follicular mixed centroblasts usually <5% of total cells 
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Mantie-cell lymphoma, MCL Small lymphocytic Mantle-cell lymphoma Small to medium size cells with usually 

Diffuse small-cleaved cell irregular or indented, sometimes round 
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Small T-cell lymphomas Small lymphocytic T-cell chronic lymphocytic Small lymphoid cells, irregular nuclei; 

Diffuse small-cleaved cell leukemia variable proportion of atypical large cells. 
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Table 2. Frequency of lymphoma subtypes observed in the 1091 lymphoma patients seen by 
the Hematology Service at the Hospices Civils de Lyon [11] 


Lymphoma subtype 


Number 


Percentage 


Hodgkin's disease 


162 


14.8 


Large-cell lymphomas (B or T cells) 


476 


43.4 


Follicular lymphomas 


172 


15.8 


Lymphoblastic lymphoma 


14 


1.3 


Small noncleaved (Burkitt's) lymphoma 


34 


3.1 


Diffuse small B-cell lymphoma 


216 


19.8 


SL/LPL 


61 


28.2 


LCRI 


16 


7.4 


MCL 


52 


24.1 


MALT-L 


43 


19.9 


Other 


13 


6.0 


Nonclassifiable 


16 


7.4 


Not reviewed 


15 


6.9 


Other subtypes 


17 


1.6 



SL/LPL, small lymphocytic/lymphoplasmocytoid lymphomas; LCRI, large cell-rich immuno- 
cytoma; MCL, mantle cell lymphoma; MALT-L, mucosa-associated lymphoid tissue lymphomas 



Table 3. Summary of the clinical characteristics of major subtypes of diffuse small B-cell 
lymphomapatients [11] 





SL/LPL 


LCRI 


MCL 


MALT-L 


Stage III or IV 


+ 


+ 


+ 


_ 


Nodal localization 


+ 


+ 


+ 


- 


Extranodal localizations 


+ 1 - 


- 


+/- 


+ 


Bone marrow involvement 


+ 


+/- 


+ 


- 


Splenomegaly 


+ 


_ 


+ 


- 


High lactate dehydrogenase level 


- 


+ 


+ 


- 


High p-2-microglobulin level 


+/- 


+ 


+ 


+/- 


Low CR rate 


+/- 


+/- 


+ 


- 


High progression rate 


+/- 


+ 




- 


Median progression-free survival <2 years 


- 


+/- 


+ 


- 


Median survival <5 years 


- 


+ 


+ 


- 



Clinical characteristics and prognosis differ significantly between the different 
subtypes of small B-cell lymphomas. A summary of these factors for the most 
frequent diffuse small B-cell lymphomas is given in Table 3 [11]. In essence, MALT-L 
and SL/LPL patients have the most favorable outcome, although the latter have a 
low CR rate. Patients with LCRI have a much poorer outcome whilst those with 
MCL probably have the worst prognosis within this lymphoma category. 
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Follicular Lymphomas (Centroblastic-Centrocytk) 

Morphologic Aspects 

This chapter focuses predominantly on the follicular lymphomas since these rep- 
resent the largest percentage of low-grade lymphomas and the majority of trials with 
alpha interferon have included follicular lymphoma patients. Follicular lymphomas 
are composed of cells which are morphologically and immunophenotypically simi- 
lar to normal germinal center cells and are similarly associated with a characteris- 
tic microenvironment of CD4 and CDS cells (Table r). In the Working Formulation 
for Clinical Usage [1, 6] follicular lymphomas are subdivided into three classes 
according to the number of smaU/large cells (Table 1). However, there has been con- 
siderable debate regarding the reproducibihty of this classification [29-31]. This is 
because the disease exists as a continuum, ranging from an infiltration of small cells 
only, through to a large cell infiltration. Moreover, the percentage of centroblastic 
cells may vary from one follicle to another in the same patient. Today, most physi- 
cians agree that this subdivision is meaningless for clinical purposes and that treat- 
ment should not be based on the percentage of large cells, but rather, according to 
the presence of adverse prognostic factors (see below). 

Patients with large diffuse areas (>25%) among a follicular pattern of infiltration 
were found in one study to have a shorter median survival compared to patients with 
a pure follicular pattern (40 months versus 68 months) [32]. More recent studies, 
however, have not confirmed this observation [33-36 ] . Other morphologic parameters 
have been associated with a poor outcome, these include high mitotic activity [37] , a 
high percentage of cells in S-phase [38], and high expression of nuclear antigens 
associated with cell proliferation [39].However, the potential value of these param- 
eters has not yet been confirmed in multivariate analyses. 

Over time, during which relapses occur, follicular lymphomas progress histolo- 
gically towards a more aggressive lymphoma with a diffuse pattern of infiltration 
and an increased percentage of centroblastic cells [29, 40]. Histologic transforma- 
tion into a small noncleaved lymphoma [41, 42] or an immunoblastic large-cell lym- 
phoma [43] occurs in less than 10% of the patients with histologic progression. 

It would appear that the development of the majority of follicular lymphomas 
is associated with a translocation of genetic material between chromosomes 
14 and 18, [t(i4;i8)(q32;q2i)j which brings the B-cell leukemia lymphoma 2 gene 
(bcl-2 ) from chromosome 18 into the immunoglobulin heavy chain joining region 
on chromosome 14 [44, 45]. This translocation, and the consequent abnormal 
activation of the bcl-2 gene, prolongs lymphoma cell survival. The bcl-2 gene has 
been identified as one of the genes that controls apoptosis or programed cell death 
in normal cells [44, 46, 47]. Additional chromosome abnormalities have been 
associated with transformation into aggressive histologic types [45, 48]. 



Clinical Characteristics and Prognostic Factors 

The median age of patients with follicular lymphoma is 50 to 60 years. Rare before 
the age of 25, incidence increases steadily with age. Typically, patients experience 
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slowly progressive, non-tender lymphadenopathy that may spontaneously worsen 
and then improve in the months or even years preceding diagnosis. The disease 
involves peripheral or abdominal lymph nodes, as well as the spleen and bone 
marrow. Extranodal sites occur only infrequently, and are usually associated with 
early histologic progression [35, 49]. Stage I or non-bulky stage II disease are seen 
in less than 15% of patients at time of presentation using classical staging crite- 
ria (radiologic and morphologic). However, on the basis of molecular staging, 
these levels of disease may be quite rare or even non-existent. Cells with a rear- 
rangement of the bcl-2 gene are found in bone marrow or peripheral blood at 
diagnosis in nearly all patients, whatever the stage [50-52]. However, the poten- 
tial clinical significance and prognostic value of this anomaly has not yet been 
determined. 

Follicular lymphomas are characterized by their tendency to progress towards 
a more aggressive, large-cell lymphoma which is refractory to treatment [53-55] . 
The clinical and biologic abnormalities associated with this progression are sum- 
marized in Table 4. In some cases, histologic progression may be similar to the 
small noncleaved Burkitt-like lymphoma and involve the c-myc oncogene [41,42]. 

There are a number of independent prognostic variables in follicular lym- 
phoma including age, sex, localization of disease, B symptoms, tumor burden and 
tumor markers such as lactate dehydrogenase (LDH) and |32-microglobulin levels. 
Older patients with follicular lymphoma have a poorer outcome than younger 
patients, as is the case in all lymphoma subtypes [33, 56-59] . Male gender has been 
associated with shorter survival although the mechanism responsible for this 
effect is unknown [60, 61]. 

Patients with localized disease have a longer survival than those with dissemi- 
nated disease [35, 56, 59, 61, 62]. Among patients with disseminated disease, those 



Table 4. Clinical and biological abnormalities associated with histologic progression in folli- 
cular lymphoma patients 



Decrease in performance status 

Decrease in activity index: ECOG or Karnofsky 
Appearance of B symptoms (fever, weight loss) 

Appearance of a high tumoral mass 
Bulky tumor (> 10 cm) 

Huge splenomegaly 
Rapid growth 

Particularly if abdominal or extranodal 

Appearance of extranodal localizations 
Ascites, pleural effusion 
Bone localization 

Hepatic, skin, gastrointestinal, neurologic localizations 

Increase in lactate dehydrogenase level 

Refractoriness to classical therapy 
New nodal or extranodal sites during treatment 
Increase in volume of known sites during treatment 
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with bone marrow infiltration have a poorer outcome than stage III patients; 
patients with more extensive extranodal infiltration have an even worse progno- 
sis [35, 58, 60, 63]. B symptoms, as defined for Hodgkin's disease, are present in 
25%-30% of patients with follicular lymphoma and are associated particularly 
with weight loss and also with shorter survival [56, 59, 61, 64]. 

Tiimor burden is a major prognostic factor, but unfortunately it does not have 
a consistent clinical definition. It is often estimated using a variety of prognostic 
scales including the volume of lymph nodes and the number and location of 
extranodal sites of disease [35, 56, 58-62, 65-67]. A large tumor burden is associ- 
ated with an immediate need for treatment and is correlated with a poorer prog- 
nosis. It is recommended that large tumor masses should be biopsied to identify 
early histologic progression. Figures 1 and 2 show the survival of follicular lym- 
phoma patients treated at the Hospices Civils de Lyon according to stage and 
number of extranodal sites. 




Fig.l. Overall survival 
according to stage in 219 
follicular lymphoma 
patients treated at the 
Hospices Civils de Lyon 
(P = not significant) 




Fig. 2. Overall survival 
according to number of 
extranodal sites in 220 
follicular lymphoma 
patients treated at the 
Hospices Civils de Lyon 
(P < 0.001) 
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Fig. 3 . Overall survival 
according to lactic 
dehydrogenase level in 148 
follicular lymphoma 
patients treated at the 
Hospices Civils de Lyon 
(P < 0.0001) 



Fig. 4. Overall survival 
according to p2-micro- 
globulin level in 80 
follicular lymphoma 
patients treated at the 
Hospices Civils de Lyon 
(P < 0.0001) 




High levels of LDH [35, 60, 62, 65, 68] and pi-microglobulin [68] are associated 
with a lower CR rate, a shorter progression-free survival and shorter overall sur- 
vival (Figs. 3 and 4). In some studies poor survival associated with a high LDH 
level is related to an increased risk of early histologic progression. 

Many of the parameters identified as being important prognostic factors in 
follicular lymphoma patients are similar to those observed in patients with large- 
cell lymphomas [69-71]. The International Non-Hodgkin's Lymphoma Prognos- 
tic Index [71] recently developed for large-cell lymphomas may also be used to 
predict outcome in follicular lymphoma patients [72]. 



Treatment 

The treatment of a patient with a follicular lymphoma should be approached 
according to disease stage and to the presence of adverse prognostic variables. 
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However, the results from most trials have been given in terms of the Ann Arbor 
stages which do not adequately reflect the tumor burden. This hampers appro- 
priate selection of treatment and a more reliable method to stratify patients is 
clearly necessary [73]. 

The endpoint of treatment will be different according to patient prognostic 
variables since median survival is longer (about 10 years) for patients without an 
adverse prognostic factor. In such patients aged 60 and over the quality of life and 
not the quality of the remission or the duration of survival will be the major thera- 
peutic endpoint. In a younger patient with adverse prognostic factors, the median 
survival is less than 3 years, thus the duration of survival and the quality of 
remission will be more important. Figure 5 shows the overall survival and pro- 
gression-free survival for CR patients observed at the Hospices Civils de Lyon. 
These results are similar to those observed in other major centers in Europe and 




Fig. 5 . Overall survival 
and progression-free 
survival in 220 follicular 
lymphoma patients treated 
at the Hospices Civils de 
Lyon 




Fig. 6. Overall survival in 
161 stage III or IV follicular 
lymphoma patients treated 
at the Hospices Civils de 
Lyon according to response 
to initial treatment 
(P < 0.0001) 
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the United States. The absence of a cure is evident from the survival curve which 
does not plateau but instead shows a constant annual death rate of 7%-8%. 

The importance of the quality of the response in follicular lymphomas has been 
extensively discussed. Early studies indicated that patients with either a true CR 
or a partial response (PR) had similar survival times. However, more recent studies 
show longer progression-free survival and a longer overall survival for patients 
in true clinical CR compared to those with a PR [35, 58, 59, 65, 74]. Figure 6 shows 
the survival of stage III and IV patients according to response rate: PR patients 
had a worse outcome and the difference appears only after 4 years of follow-up. 
The importance of a molecular CR has not yet been evaluated in a prospective 
study but a recent retrospective analysis by Cabanillas et al. [75] shows a prolon- 
gation of survival for patients associated with disappearance of cells with a rear- 
rangement of the bcl-2 gene in peripheral blood. In the future, the ultimate 
objective of treatment may be to achieve a molecular CR. 



Patients with Locaiized Stage Disease Without Bulky Tumor 

Radiotherapy is the main therapeutic option for patients with localized stage dis- 
ease without bulky tumor. The efficacy of local radiotherapy has been shown in 
several noncomparative studies for patients with stage I or stage II disease with- 
out adverse prognostic factors [56, 57]. Table 5 shows that at least 50% of local- 
ized stage patients may be cured by local radiotherapy. For patients with large 
tumor mass, particularly if abdominal, a high rate of local or distant relapses has 
been observed leading to the recommendation that these patients should be 
treated with chemotherapy. Disease progression is usually not due to relapse 
within the irradiated fields but at nonirradiated or extranodal sites. This reflects 
disseminated disease at diagnosis which was not detected by conventional stag- 
ing [79]- 

In the absence of randomized clinical trials, the place of chemotherapy alone 
in the treatment of localized stage disease has yet to be determined. 



Table 5. Survival of follicular lymphoma patients with localized stage disease treated with local 
radiotherapy only 



Reference 


Stage 


Number 
of patients 


Type of 
radiotherapy 


Progression-free 

survival 


Gallagher et al. [67] 


I&II 


22 


IF 


10 years: 83% 


Gomez et al. [77] 


I 8c II 


29 


IF,EF 


10 years: 83% 


Gospodarowicz et al. [56] 


I 8c II 


252 


IF 


10 years: 53% 


Lawrence et al. [78] 


I 8c II 


54 


IF,EF 


10 years: 48% 


McLaughlin et al. [66] 


I 8c II 


76 


IF, IF+CT 


6 years: 48% 


Parayani et al. [61] 


I 8c II 


124 


IF,EF,ILT 


10 years: 54% 



IF, involved fields; EF, extended fields; ILT, total lymphoid irradiation; CT, chemotherapy 
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Stage III or IV PatientsWithout Adverse Prognostic Factors 

The median survival stated in most of the studies in these patients is about lo 
years. No conclusive results on the best therapeutic strategy for these patients have 
been published. This prompted Portlock and Rosenberg to propose the “watch- 
ful waiting” strategy [49, 80]. Although it has not been validated by prospective, 
randomized trials, interest in this “treatment” has been maintained by retrospec- 
tive studies [81, 82]. The “watchful waiting” approach is now recommended for 
older patients with a histologic subtype of pure follicular small cells who present 
without adverse prognostic factors. In those patients with a significant propor- 
tion of large cells or with diffuse areas the treatment of choice is chlorambucil 
(see below) since the risk of rapid tumor growth is considerable. 

Younger patients, even without adverse prognostic factors, should generally be 
treated with a curative intent. However, the benefit of such an approach has not 
been confirmed by randomized prospective studies and remains under discus- 
sion. 



Stage III or IV Patients with Adverse Prognostic Factors 

Patients with bulky tumor, a high LDH level, or other adverse prognostic factors 
need to be treated at diagnosis. However, there is currently no international con- 
sensus on the most appropriate treatment. 

Continuous oral therapy with cyclophosphamide or chlorambucil has been 
widely used. Two studies using this therapy showed a median progression-free 
survival of over 30 months and a median survival of more than 4 years [83, 84]. 
However, patients in these studies were not stratified according to tumoral vol- 
ume and “good risk” patients were also included. Randomized studies have not 
been carried out to compare single-agent therapy to combination chemotherapy 
in patients that need treatment at diagnosis. Single agent therapy may prove to 
be useful in older patients if the dose of the alkylating agent included in the regi- 
men is sufficient (e.g., chlorambucil, 16 mg/m^May x 5 days/month). 

Among multidrug regimens, the CVP regimen (cyclophosphamide, vincris- 
tine, prednisone) has been used most frequently. However, the dosage and mode 
of administration of these drugs, particularly for cyclophosphamide, varies be- 
tween studies [76, 85-87]. Major prospective studies with the CVP regimen are 
summarized in Table 6. Other similar non-anthracycline regimens (e.g., COPP, 



Table 6. Response rate and median survival obtained with CVP regimen 



Reference 


Number of patients 


%CR 


Median survival (months) 


Anderson et al. [34] 


49 


67 


83 


Bagley et al. [88] 


75 


57 


— 


Jones et al. [89] 


74 


48 


48 


Steward et al. [62] 


162 


56 


64 
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BCVP, C-MOPP) which have added either procarbazine or BCNU have offered 
no improvement over the CVP regimen [85, 87,90,91] and have now been aban- 
doned. 

Anthracycline-containing multidrug regimens did not produce an increase in 
the duration of overall survival or progression-free survival in several retrospec- 
tive or prospective studies [58, 89, 92]. However, in these studies patients were 
included whatever their tumor bulk. An important finding from these studies was 
that the CR rate was increased with doxorubicin-containing regimens compared 
to CVP. This suggests that doxorubicin-containing regimens may also be associ- 
ated with a better outcome. Although such an improved outcome had not been 
shown in earlier randomized studies, the multidrug regimen used for patients 
with adverse prognostic factors in most of the recently published trials consists 
of a combination of cyclophosphamide, doxorubicin, vincristine (or related drug) 
and prednisone [93-95]. 

The purine analogs have been effective in relapsing patients [96-99] but their 
place in first-line therapy is not yet defined. 



Alpha Interferon as an Antitumor Agent 

The interferons are a large group of inducible glycoproteins with potent antivi- 
ral, antitumor and immunomodulating activities. They are classified according 
to antigenic specificities into three broad classes: leukocyte-derived alpha inter- 
feron, fibroblast-derived beta interferon, and T-lymphocyte-produced gamma 
interferon. Recombinant DNA technology has allowed these interferons to be 
expressed and produced in microorganisms (e.g., Escherichia coh), thus making 
available the quantities of high purity material necessary for large-scale clinical 
trials. The mechanism(s) of action is unknown but the demonstrable antitumor 
effects of alpha interferon are commonly attributed to three mechanisms: 

a) direct antiproliferative effects on tumor cells; 

b) induction of a differentiation phenotype in the tumor cells; and 

c) activation of nonspecific host defense mechanisms, such as natural killer cells 
or macrophage tumoricidal properties [100, 101]. 

Antitumor effects of alpha interferon have been demonstrated in in vitro and 
murine models [102-104]. It is thought that these models will be applicable to human 
tumors if the concentration of alpha interferon and time of exposure are compa- 
rable, although this awaits confirmation [105]. Cell cycle analysis has shown that 
alpha interferon causes extension of all phases of the cell cycle and prolongation 
of the overall cell generation time [106-109] . In some cases, an accumulation of cells 
in has been observed, accompanied by a decrease in transition to G^. This decrease 

in growth rate maybe incompatible with cell life, thus making the essentially cyto- 
static effect a cytotoxic one [105]. The underlying cellular mechanisms are still 
unclear, but they may be mediated by the induction of 2 '-5' oligoadenylate syn- 
thetase (2'-5' AS) leading to inhibition of DNA and RNA synthesis as in virus- 
infected cells [105]. Elevated levels of 2'-5' AS have recently been correlated with 
tumor response in some patients with hematologic malignancies [110]. 
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Alpha Interferon Therapy of Non-Hodgkin's Lymphoma 

Early Clinical Trials 

Initial clinical studies with various types of alpha interferon demonstrated 
antitumor responses in a few patients with advanced indolent lymphomas (follicular 
lymphomas and diffuse small-cell lymphomas). These data were and remain diffi- 
cult to interpret in view of the small patient numbers involved, the different stages 
and types of NHL involved and particularly the variable source, potency and purity 
of the alpha interferon preparations used [111-117] . The first large phase II study to 
use recombinant alpha interferon was carried out at the NCI [118]. Foon et al., 
encouraged by responses observed in their phase I study [119], administered a dose 
of 50 million units (MU)/m^ intramuscularly (im) three times weekly (tiw) for a 
minimum of 3 months to 24 patients with indolent lymphomas. 

Thirteen of 24 patients achieved a response; nine were partial responders and 
four achieved a histologically confirmed complete response. Six of the nine par- 
tial responders had almost complete resolution of large-bulk disease in lymph 
nodes, liver and spleen. The average response duration in this cohort (45% of the 
total) was 8 months. Second responses were achieved in two of six patients in 
whom alpha interferon therapy was reinstituted at time of therapy. 

A number of very interesting points emerge from further analysis of these data. 
All patients entered into the study were no longer responsive to conventional 
combination cytotoxic drugs at time of study entry. In 15 patients who had dis- 
ease progression while still receiving chemotherapy, an objective response rate of 
47% was achieved with alpha interferon therapy, compared to 50% in eight 
patients relapsing after previous response to chemotherapy. Complete response 
to alpha interferon was observed only in those patients whose tumors were pro- 
gressing on cytotoxic chemotherapy. It would thus seem that cytotoxic drug 
resistance in indolent lymphomas does not imply alpha interferon resistance. Pa- 
tients achieving an objective response in this study were offered maintenance 
alpha interferon. It was observed that those patients not receiving maintenance 
therapy rapidly relapsed, on average some 2-7 months after termination of alpha 
interferon induction. Thus, the study results demonstrated that alpha interferon 
achieved disease suppression and this was maintained with continued adminis- 
tration in advanced refractory patients with indolent lymphomas. The most 
frequent dose-limiting side effect in this study was an acute “flu-like” syndrome 
with fatigue, which usually disappeared after a reduction in interferon dosage. 
Alpha interferon at the higher doses used in these earlier trials was significantly 
toxic in patients with advanced malignancy. Nevertheless, as the authors of the 
initial study report concluded, alpha interferon “may be an effective new therapy” 
for some patients, even with very advanced and/or chemotherapy-refractory 
diffuse large cell lymphomas and indolent lymphomas [118]. 

The results of the next large phase II study of recombinant alpha interferon were 
reported by Leavitt et al. [120] . A dose of 10 MU/m^ tiw for a minimum of 3 months 
was administered to 28 patients with indolent lymphomas. Nine of the 28 patients 
achieved an objective response - all with follicular histology disease. In 12 patients 
of a cohort of 16 treated by O'Connell et al., with 12 MU/m^ im tiw for an initial 
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8-week period, serial measurements of natural killer cell activity (NKa) were car- 
ried out [121] . Patients ' mean pre-interferon levels of NKa were 48% of normal con- 
trols. At 48 hours post first dose, i.e., immediately preceding the second, this sub- 
normal activity was almost completely restored to normal. Forty-four percent of 
patients who were to achieve an objective response to the recombinant alpha in- 
terferon regimen had mean NKa levels 25%-28% higher than those of non- 
responders at 2 and 4 weeks of therapy. Alpha interferon therefore clearly enhanced 
NKa and this was associated with increased patient response to therapy. 



Low-Dose Alpha Interferon Regimens 

Following these reports, most of the available data on the use of recombinant alpha 
interferon in the treatment of indolent lymphomas were based on relatively low- 
dose regimens of 3 or 5 MU/m^ daily or tiw (Table 7) [121-125]. This largely reflects 
the lower tolerability of high doses and the increasing perception that alpha inter- 
feron therapy needs to be long-term to be of maximal benefit. Wagstaff et al. car- 
ried out a pivotal study in 35 patients with stage III or IV disease [122]. The study 
regimen was 2 MU/m^ administered subcutaneously (sc) tiw for 1 year or until 
progression of disease was evident. All patients were treated on an outpatient 
basis, with 20 of 35 patients self administering the alpha interferon therapy. No 
patient discontinued therapy due to hematologic toxicity. Of the 34 evaluable 
patients, there were 17 objective responders, of which two were complete remis- 
sions. This gave an overall response rate of 50% with 95% confidence limits of 
32%-68%. The median duration of response was 11 months. This regimen was 
extremely well tolerated and if, as the study coordinators advised, patients with 
documented cardiac disease are excluded from future studies, it offers a reason- 
able balance between efficacy and tolerability. 

Two further key pointers to the design of future studies emerged from these 
data. Firstly, it was noted that patients with follicular histology seemed to respond 
better to alpha interferon therapy than those with the small lymphocytic/ 
lymphoplasmocytoid subtype. Secondly, if the response pattern was analyzed in 
terms of prior response to chemotherapy, the trend was for previously untreated 
patients to have a higher response rate than those relapsing following prior 
chemotherapy. 



Table 7. Single-agent recombinant alpha interferon in non-Hodgkin's lymphomas 



Reference 


Dose/regimen 


Evaluable patients 


CR/PR (%) 


O'Connell et al. [121] 


12 MU/m^ im tiw x 8 weeks 


16 


44 


Wagstaff et al. [122] 


2 MU/m^ sc tiw x 52 weeks 


34 


50 


Steis et al. [123] 


50 MU/m^ im tiw x 12 weeks 


24 


54 


Mantovani et al. [124] 


6 MU/m^ sc tiw X 12 weeks 


13 


60 


Solal-Celigny et al. [125] 


5 MU/day x 3 months 
then 5 MU sc tiw x 52 weeks 


81 


74 
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In the 1990 study by Solal-Celigny et al. [125], follicular lymphoma patients 
(small cell or mixed small and large cell, stage II with bulky disease or stage III 
or IV) with low tumor burden were randomized to receive either prednimustine 
200 mg/m^ per day for 5 days per month over 18 months or interferon alfa-2b 3 
MU sc tiw for 3 months then 5 MU sc tiw for 15 months, or delayed therapy (i.e., 
treatment only when one of the high tumor burden signs appeared). Among the 
81 evaluable patients with a median follow-up of 16 months (range 0-40 months) 
comparable response rates have been observed so far for the prednimustine group 
and the interferon group (CR -I- PR = 74%). In the untreated group of 26 patients, 
seven (27%) had progressive disease that required treatment while five (19%) had 
spontaneous regression (complete in two of them). 

Comparison of the response rates from the above studies would seem to sug- 
gest a difference in efficacy based on the regimen of recombinant alpha interferon 
therapy used in the treatment of indolent lymphomas. However, this hypothesis 
has yet to be tested in any meaningful way. 



Cytotoxic Drugs/Alpha Interferon Combinations 

The enhanced efficacy of cytotoxic drug/alpha interferon combination therapy 
in murine models of leukemia and lymphoma has been well documented by a 
number of groups [126-129]. These data naturally have encouraged attempts to 
build on the above single-agent data for alpha interferon by combining it with 



Table 8. Studies using combined therapy with recombinant alpha interferon and cytotoxic 
agents for remission induction 



Reference 


Interferon dose/regimen 


Evaluable 


Overall 


P 




Chemotherapeutic agents 


patients’ 


response'’ 

(%) 


value 


Single-agent cytotoxic: 










UK: Rohatiner et al. 


3 MU/m^ sc tiw x 16 weeks 


23 


61 


- 


[130] 


Chlorambucil 








UK: Price et al. [131] 


2 MU/m^ sc tiw x 18 weeks 
Chlorambucil 


59/49 


86/78 


NS 


CALGB/EST: 


2 MU/m^ sc tiw to 3 months 


531 


89/84 


NS 


Peterson et al. [132] 


post response 
Cyclophosphamide 








Multiple-agent cytotoxic: 










GELA: Solal-Celigny 


5 MU sc tiw X 18 months 








et al. [133] 


CHVP 


147/148 


71/85 


0.006 


ECOG: Smalley etal. [94] 


6 MU/m^ days 22-26 each 

28-day cycle 

COPA 


127/122 


86/86 


NS 



‘ Chemotherapy/Chemotherapy + interferon 

’’ CR+PR in patients on chemotherapy/chemotherapy + interferon. 
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Table 9. Alpha interferon maintenance following induction therapy 



Reference 


Induction therapy 
Interferon type: dose/regimen 


Comments 


UK: 

Price et al. [131] 


Chlorambucil or chlorambucil 
+ interferon Alpha-2b 
Interferon alpha 2 MU/m^ 
sc tiw for 12 months 
or no therapy 


Remission duration significantly 
increased in patients receiving 
interferon as part of induction 
therapy and as maintenance vs 
patients who never received 
interferon 


EORTC: 

Hagenbeek et al. [134] 


CVP - radiotherapy 
Interferon alpha-2a: 

3 MU sc tiw for 12 months 
or no therapy 


Median progression-free survival 
significantly longer in interferon 
maintenance group compared to 
controls 


MD Anderson; 
McLaughlin et al. [93] 


CHOP-Bleo 
Interferon alpha-nl; 
3 MU/m^ tiw 
for 24 months 


Significant improvement in 
failure-free survival (both overall 
and among CR patients) 
compared to historical controls 
given CHOP-Bleo without 
interferon maintenance 


Germany: 

Hiddmann et al. [135] 


PmM (for 2nd remission) 
Interferon alpha-2b: 

5MU sc tiw until 
progression or relapse 


Tendency towards longer 
freedom from progression 
compared to historical controls 
in first remission 



established cytotoxic drugs for the treatment of indolent lymphomas (Tables 8 
and 9) [93, 94, 130-135]. Most of these studies have looked at the effect of com- 
bined therapy for remission induction and then the influence of long-term main- 
tenance therapy with alpha interferon compared to no further treatment. 



Single Cytotoxic Drug Plus Alpha Interferon 

UK Group. The first significant major patient cohort to be treated with such a 
combination (chlorambucil plus alpha interferon) was reported by Rohatiner et 
al. [130] . In this UK pilot study, 23 patients with recurrent disease were treated with 
chlorambucil 10 mg/day and interferon alpha-2b 2 MU/m"" tiw sc for a total of 12 
weeks. Objective responses were seen in 14 patients (61%), including one with a 
complete response. 

Following this, the UK group randomized 124 previously untreated patients 
with stage III or IV follicular lymphoma to receive either chlorambucil alone (10 
mg/day for 6 weeks then alternating 2-week intervals for a total of 12 weeks) or 
chlorambucil plus interferon alpha- 2b (2 MU/m^ sc tiw for 18 weeks) (Fig. 7) [131] . 
Patients achieving a good response to initial therapy were then randomized to 
receive either alpha interferon maintenance or no further therapy. 
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Among the 108 patients evaluable for remission induction, with a median 
follow-up of 30 months, there was no significant difference in overall response rate 
(CR, good partial remission, GPR, and PR) between those receiving chlorambucil 
alone (51/59, 86%) and those on chlorambucil plus alpha interferon (38/49, 78%). 
Complete remissions (i.e., no evidence of residual disease) were achieved in 71% 
of those on chlorambucil and 55% of those given the combination (P = NS). At 3 
years, actuarial survival is 75% with no difference between the two initial treat- 
ment arms. 
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In the group of patients with CR or GPR who were randomized to receive alpha 
interferon maintenance or no further therapy, those who had received interferon 
both as part of their induction therapy and as maintenance therapy had a signifi- 
cant advantage in terms of remission duration compared to those who had never 
received interferon (P = 0.02) (Fig.8) [131]. After a median follow-up of 2. 5 years, 
there was no significant survival advantage for any of the treatment groups. 

CALGB (Cancer and Leukemia Group B)/EST study. In this large intergroup 
phase III trial, continuous administration of cyclophosphamide alone (too mg/ 
mVday orally [po]) was compared to continuous administration of cyclophospha- 
mide plus interferon alpha-2b (2 MU/m^ sc tiw) in 581 patients with follicular lym- 
phoma (small cleaved cell and mixed) [132]. The treatment was continued for 3 
months after documentation of CR or PR. Responders were then randomized to 
receive either 2 further years of maintenance interferon or observation only. 

After a median follow-up of 2.7 years, 531 patients were evaluable in a prelimi- 
nary analysis of results. As with the above study, there was no significant differ- 
ence between the groups in terms of response to induction therapy (89% versus 
84% in the cyclophosphamide alone group and the combined therapy group, 
respectively, with a CR rate of 45% in both groups). Analysis of the maintenance/ 
observation phase is awaited with interest since this is the only study to date which 
has investigated continuous chemotherapy in combination with interferon. 



Multiple Cytotoxic Drugs Plus Alpha Interferon 

Alpha interferon/single cytotoxic drug combinations have proved effective, and 
there is now increasing interest in the use of alpha interferon with multiple cyto- 
toxic agents in treatment regimens. 

EORTC (European Organization for the Research and Treatment of Cancer) Study 
(Lymphoma Cooperative Group). Investigators in the Netherlands have con- 
ducted a prospective, randomized phase III study in previously untreated patients 
with stage III or IV follicular lymphoma (either predominantly small cleaved cell 
or mixed small cleaved and large cell) [133]. All patients were given eight courses 
of chemotherapy comprising cyclophosphamide 300 mg/m^ days 1-5, vincristine 
1.4 mg/m^ day 1 and prednisone 40 mg/m^ days 1-5 (CVP), followed by iceberg 
radiotherapy. Of 331 patients enrolled in the study at April 1993, 248 have been 
evaluated. Overall, 199 of 248 patients (80%) responded to CVP, including 108 
(44%) with CR and 91 (37%) with PR. These responders, together with patients 
with stable disease, were then randomized to receive either maintenance therapy 
with interferon alpha-2a 3 MU sc tiw for 12 months (« = 116) or “no further 
therapy” (n = 115). Median progression-free survival was found to be significantly 
longer in the interferon maintenance group compared to the control group (135 
weeks versus 86 weeks, respectively; P = 0.02), although it was too early to report 
on overall survival. 
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Total Fall 




Fig. 9. Progression-free 
survival of complete 
responders (follicular 
histology only) receiving 
alpha interferon mainte- 
nance therapy compared 
with those receiving no 
further therapy [93] 
(Reprinted by permission 
of Huwer Academic 
Publishers) 



MD Anderson Study. McLaughlin and coworkers at the MD Anderson Cancer 
Center in Houston carried out a non-randomized study to explore the potential 
benefits of alpha interferon maintenance therapy following remission induction 
with a combination of cytotoxic agents [93]. In this study, 127 patients with stage 
IV indolent lymphomas were treated with cyclophosphamide, doxorubicin, vin- 
cristine, prednisone and bleomycin (CHOP-Bleo) for 9 to 18 months. Patients in 
CR then received maintenance therapy with interferon alpha-ni (3 MU/m'* tiw) 
for 24 months. 

Overall, 96% of patients responded to the induction therapy (73% CR and 23% 
PR) . At 5 years, survival was 74%, progression-free survival was 47%, and progres- 
sion-free survival among patients with initial CR was 60%. The authors compared 
these results to those of patients with similar pretreatment clinical characteris- 
tics who had been treated with CHOP-Bleo between 1972 and 1982 as induction 
therapy and then received no further treatment. The comparison demonstrated 
that maintenance with alpha interferon produced a significant improvement in 
overall progression-free survival (P = 0.01), with an increased benefit in progres- 
sion-free survival among CR patients (P < 0.01) (Fig. 9). 

ECOG (Eastern Cooperative Oncology Group) Study. This study by Smalley et al. 
included patients with stage III or IV indolent lymphomas (lymphocytic, either 
nodular poorly differentiated or diffuse well differentiated [94]. All patients 
received induction chemotherapy with cyclophosphamide 600 mg/m^ day 1, 
vincristine 1.2 mg/m"' day 1 (maximal dose 2.0 mg), prednisone too mg/m^ days 
1-5 and doxorubicin 50 mg/m^ day 1 (COPA) either alone or in combination with 
interferon alpha-2a 6 MU/m^ on days 22 to 26 of each 28-day chemotherapy cycle 
(I-COPA). All patients were to undergo eight cycles of treatment. Those with a PR 
after eight cycles or a CR during cycle 7 or 8 were to undergo two additional cycles, 
for a total of 10 cycles. 

As in the above studies, the objective response rates in the 249 evaluable 
patients were comparable in the two treatment arms (86% each), with similar CR 
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Fig. 1 0. Progression-free 
survival in the ECOG 
study (Kaplan-Meier 
curves) [94] (Reprinted 
with permission) 




Fig. 11. Overall survival 
in the ECOG study 
(Kaplan-Meier curves) 
[135] (Reprinted with 
permission) 




0 2 4 6 
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rates (29% in the COPA group and 32% in the I-COPA group). However, progres- 
sion-free survival was significantly prolonged in the I-COPA group (P < 0.001) 
(Fig. 10), as was duration of CR (P = 0.03). 

According to univariate analysis, interferon treatment, absence of splenic involve- 
ment and a low degree of extranodal involvement (one site or none) were all 
independently significant predictors of prolonged progression-free survival. On 
multivariate analysis, interferon treatment, female sex and a low degree of 
extranodal involvement were the significant factors for predicting progression- 
free survival, while age <65 years, interferon treatment, female sex, low-grade 
tumor histology and absence of B symptoms were all associated with improved 
overall survival. 

After a median follow-up period of 5.25 years, progression-free survival con- 
tinued to be significantly prolonged in the I-COPA group (P = 0.0013). Median 
survival had not been reached in either group after this follow-up period, although 
Kaplan-Meier curves indicated a trend in improved survival in favor of the inter- 
feron arm (Fig. 11). 
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GELA (Groupe d 'Etude des Lymphomes de I'Adulte) Study (High Tumor Burden 
Patients ). Investigators from various centers in France and Belgium carried out 
a phase III cooperative group study to look at the effect of combined cytotoxic 
therapy with or without interferon alpha-2b in 295 follicular lymphoma patients 
with high tumor burden [95, 133]. Patients were defined as having a high tumor 
burden if they had follicular lymphoma and at least one of the following: a nodal 
or extranodal tumor mass with a diameter > 7 cm; involvement of at least three 
nodal sites, each with a diameter > 3 cm; systemic symptoms; substantial splenic 
enlargement; serous effusion; orbital or epidural involvement or ureteral compres- 
sion (alone or in combination); and leukemia. As shown in Fig. 12, all patients 
received cycles of cyclophosphamide, doxorubicin, teniposide and prednisone 
(CHVP) monthly for 6 months and then every 2 months for 1 year. The patients 
were randomized to receive either CHVP alone (w = 147) or CHVP plus interferon 
alpha- 2b 5 MU tiw for 18 months {n = 148). 

In this study, after a median follow-up of 33 months, the patients treated with 
CHVP plus interferon alpha-2b had a higher overall response rate (85% versus 71%, 
P ~ 0.006), a longer median event-free survival (34.5 months versus 18.7 months, 
P < 0.001) and a higher 3-year survival rate (86% versus j\%,P = 0.02) (Table 10, 
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Fig.12. Treatment protocol of the GELA prospective study in high tumor burden patients [95] 
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Fig.1J. Estimated event- 
free survival in the GELA 
study [133] 
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Table 10. Overall response, event-free survival and overall survival in the GELA study in high 
tumor burden follicular lymphoma patients [83] 




CHVP + interferon 


CHVP alone 


P value 




(n = 148) 


(n = 147) 




Overall response rate 


85% 


71% 


0.006 


Median event-free survival 


34.5 months 


18.7 months 


< 0.001 


3-year survival 


86 % 


71% 


0.02 




(« = 123) 


(n = 119) 




4-year survival 


80% 


63% 


0.02 



Fig. 14. Estimated overall 
survival in the 242 patients 
initially enrolled in the 
GELA study. (Reproduced 
with permission) 




Months from start of treatment 



Fig. 13) [133]. Of the 242 patients initially enrolled in the study [95], updated follow- 
up after a median period of 40 months also revealed a significantly higher 4-year 
survival rate in those patients treated with CHVP plus interferon alpha-2b (80% 
versus 63%, P = 0.02) (Fig. 14) (P. Solal Celigny, personal communication). 

Importantly, the addition of interferon alpha-2b did not significantly decrease 
the dose intensity of concomitant chemotherapy. Thus, although the patients in 
this trial were selected for their more advanced disease as defined by high tumor 
burden, alpha interferon in combination with multiple cytotoxic agents proved 
an effective therapy. 



Alpha Interferon in Refractory Therapy 

German Study. Another non-randomized study was carried out by Hiddemann 
et al. [135] in Germany, in which 19 refractory and relapsing patients were treated 
with PmM (prednimustine 100 mg/mVday po on days 1-5 and mitoxantrone 8 mg/ 
mVday iv days 1 and 2) every 4 to 6 weeks for up to 6 cycles as second remission 
induction therapy. Thirteen patients achieved CR or PR and were given two 
further courses of PmM as consolidation, followed by interferon alfa-2b 5 MU sc 
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tiw until progression or relapse. At the time of publication, median remission 
duration was 14.5 months (range 4.5+ to 17.5+ months) . Comparison with histori- 
cal controls in unmaintained/irsf remission following PmM, showed a clear ten- 
dency for prolonged freedom from progression in the patients given interferon 
maintenance. 



Alpha Interferon Tolerability 

Some of the trials reported reduced tolerability among patients receiving com- 
bined cytotoxic and interferon therapy. The main dose-limiting side effects 
associated with interferon were the well known “flu-like” symptoms, and occa- 
sionally cytopenia or neurological disorders [93, 95, 131, 134, 135]. 

Although the ECOG trial reported that patients in the I-COPA group received 
substantially less cyclophosphamide and doxorubicin per cycle than those in the 
COPA group, nearly 100% of the prescribed dose of interferon was administered 
and, as cited above, response rates were identical [94]. 

In the GELA high tumor burden study, granulocytopenia was significantly 
greater in patients receiving CHVP plus interferon rather than CHVP alone. 
Nevertheless, 71% of the patients in the combined treatment group received their 
full course of interferon alpha-2b and interferon had to be stopped in only 13 (11 
%) patients, mainly owing to fatigue or hepatotoxicity. Overall the authors did not 
consider the addition of interferon to CHVP to have a major impact on toxicity 
overall [95]. 



Summary of Findings 

Although further follow-up is still required, the results of the above trials already 

indicate significant benefits which maybe gained from alpha interferon therapy 

and a number of preliminary observations can be made: 

a) the addition of alpha interferon to single-agent chemotherapy for patients with 
advanced indolent lymphomas may advance overall response rates, although 
the survival data are as yet unclear [131, 132, 137]; 

b) two studies have shown that combined therapy with alpha interferon and 
multiple cytotoxic agents may not only improve the duration of response [134], 
but may also increase both progression-free and overall survival [95]. In both 
these studies, the cytotoxic regimen included doxorubicin; 

c) maintenance therapy with alpha interferon may prolong disease-free survival 
following response to induction therapy, with the best results being seen in 
those patients who also received interferon as part of their regimen for remis- 
sion induction [131]. In two non-randomized studies in which alpha interferon 
maintenance therapy was given following multiple cytotoxic induction treat- 
ment, a tendency towards a longer period of freedom from progression was 
seen when compared with unmaintained historical controls [94, 134]; 

d) the initial reports of two studies indicate that the addition of alpha interferon 
to a multiple cytotoxic regimen may influence survival. In the GELA study, high 
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tumor burden patients treated with combined chemotherapy/interferon had 
both a longer event-free survival (34.5 months versus 18.7 months) and a higher 
rate of survival at 3 years (85% versus 71 %) compared to those receiving no 
interferon therapy [133]. Combined treatment also improved 4-year survival in 
the 242 patients available for assessment. In the ECOG study, there was also a 
trend in favor of prolonged survival in patients receiving the combined chemo- 
therapy/interferon induction regimen compared to those on chemotherapy 
alone, although median survival had not been reached in either group at the 
time of publication [94]; 

e) altered toxicity resulting from the addition of alpha interferon to cytotoxic 
therapy did not appear to be a problem in most of these trials. The ECOG 
investigators obtained comparable results in both treatment arms despite the 
reduced dosage of cyclophosphamide and doxorubicin in the patients receiv- 
ing alpha interferon [94]. Results from the CALGB/EST trial have yet to show 
an effect from adding interferon to standard cyclophosphamide for induction 
therapy although initially, the combination therapy appeared to be less well 
tolerated than cyclophosphamide alone. The investigators have acknowledged, 
however, that late differences may emerge and that they had yet to see the effect 
of interferon maintenance therapy on outcome. 



The Future 

Interferon will continue to be investigated actively in NHL. Its full potential should 
be assessed for possible combination with novel treatment approaches. 



Monoclonal Antibodies 

Passive immunotherapy has been investigated for more than 10 years with lim- 
ited success [138]. 

The major problems are circulating free antigens, antigenic modulation and 
the development of human antimouse antibodies. Anti-idiotype antibodies have 
been used in small numbers of patients. In all cases, responses have been tran- 
sient with the evolution of idiotype-negative lymphoma variants [139-142]. 
Monoclonal antibodies have also been used to target either radiation or toxin 
therapy to lymphoma cells [143-145]. Preliminary results from these studies are 
encouraging. 



Intensive Therapy with Hematopoietic Stem Cell Transplantation 

The role of high-dose therapy followed by bone marrow or peripheral stem cell 
transplantation is still disputed in follicular lymphomas in contrast to what is 
admitted as an accepted treatment in aggressive lymphomas [146-148]. This 
therapy has been applied to follicular lymphoma patients in relapsing or refrac- 
tory disease [149-152]. The preliminary results indicate that treatment-related 
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deaths are about 5% (increasing with the number of previous chemotherapy regi- 
mens) and overall survival is above 60%. The relapse rate is about 30% and this 
is important when it is considered that the median follow-up is short. Very few, 
largely inconclusive data have been published for first-line follicular lymphoma 
patients or for DSCL patients. 

The propensity of follicular lymphomas and DSCL to infiltrate the bone mar- 
row raises the question of whether bone marrow purging may be useful. At the 
Dana-Farber Cancer Center (Boston, MA) treatment of bone marrow cells with 
three monoclonal anti-B-cell antibodies resulted in only one third of the bone 
marrow remaining positive for cells with a bcl-2 gene rearrangement on PCR 
analysis [153, 154]. At St Bartholomew's Hospital (London, UK) treatment with 
anti-CD20 antibodies of bone marrow cells reduced the amount of lymphoma 5- 
to lo-fold but did not eliminate it [155]. Although recurrences were less common 
in the group of patients without cells with bcl-2 rearrangement in the American 
study, this was not the case in the English study. 

Randomized trials comparing the value of intensive therapy using transplan- 
tation of purged bone marrow or peripheral blood cells with standard chemo- 
therapy regimens plus interferon are urgently needed for patients who relapse or 
who have adverse prognostic factors. The impact of total body irradiation, the 
relationship between disease status at transplant and the results of this therapy, 
as well as the potential benefit of purging are some of the issues that need to be 
assessed in well-designed trials. 



Cytotoxic Dose Reduction 

The data available on cytotoxic/alpha interferon combination therapy in indolent 
lymphomas indicate that there is usually a significant reduction in the overall 
amount of cytotoxic drug given with combination therapy. In view of the 
leukemogenic potential of induction cytotoxic therapy in indolent lymphomas, 
this effect of alpha interferon may prove to be of clinical significance, although 
very large patient numbers will be necessary to detect such a benefit [156]. 



Dose Intensification 

The issue of dose intensification as a means of increasing the response rate to 
alpha interferon in indolent lymphomas also needs to be addressed. New meth- 
ods of delivery of alpha interferon therapy (e.g., depot preparations or continu- 
ous subcutaneous administration), which may improve the tolerance of high doses 
of alpha interferon, will allow us to investigate this issue. 



Summary 

Alpha interferon has demonstrated significant activity in follicular lymphomas 
and to a lesser extent in some diffuse small B-cell lymphomas. Several phase II 
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studies and controlled trials comparing chemotherapy plus interferon to chemo- 
therapy alone have also shown a benefit in response rate, progression-free sur- 
vival and, in certain cases, overall survival. Other studies have compared inter- 
feron as maintenance therapy to no further treatment and have also shown a 
benefit in favor of the interferon arm. Thus, the benefit of interferon therapy is 
principally demonstrated as a prolongation of progression-free survival, with 
some studies exhibiting a definitive survival advantage. It is the more recent data 
which indicate that this increased survival benefit is associated with extended 
therapy and patient selection. Despite the need for further follow-up, the bulk of 
recent investigations clearly support the increasing role of interferon alpha in the 
treatment of this generally incurable disease. 
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CHAPTER 8 



Treatment Strategies in Multiple Myeloma: 
Biotherapy with Interferons 

H. Ludwig 



Introduction 

Over 25 000 new cases of multiple myeloma are diagnosed in Europe and the 
United States each year. The incidence varies among countries, from one per 
100 000 persons in China to approximately four per 100 000 in the United States 
and most Western industrialized countries. Blacks are affected twice as often as 
Caucasians, and men more often than women. Multiple myeloma is clearly an age- 
dependent disease, with affected individuals having a mean age of approximately 
60 years at diagnosis. Although survival is highly variable, the majority of patients 
with multiple myeloma will succumb to the disease or its complications within 
3 years. While there is no cure for this cancer, newer treatments have been devel- 
oped in the last decade that prolong the disease-free period and allow patients 
to enjoy a more normal, productive, and pain-free life for longer than was previ- 
ously possible. 

This article reviews current approaches to the treatment of myeloma with an 
emphasis on current data from studies on interferon-a (IFN-a) therapy. Other 
novel therapies such as high-dose chemotherapy with subsequent autologous bone 
marrow or peripheral blood progenitor cell transplants, biotherapies with other 
cytokines or hematopoietic growth factors, or symptomatic and prophylactic 
treatment with bisphosphonates will not be discussed in great detail. 



Definition of Multiple Myeloma 

Multiple myeloma is characterized by the proliferation and accumulation of 
malignant plasma cells that develop into multiple plasma cell tumors, primarily 
in the bone marrow, but also in other body sites. In the bone marrow, different pat- 
terns of infiltration, such as nodular, diffuse, and mixed diffuse-nodular, may 
occur. Myeloma cells synthesize monoclonal immunoglobulins (M-proteins), 
which accumulate in the plasma, a characteristic that is critical for diagnosis of 
the disease. Approximately 60% of M-proteins are of the IgG type. IgA para- 
proteinemia is found in 22%, IgD paraproteinemia in 2%, and secretion of light 
chains only in 15% of multiple myeloma patients. Monoclonal immunoglobulins, 
especially their light chains, can be excreted into the urine, which sometimes is 
the only site of M-protein manifestation. In rare cases, the production of M-pro- 
tein by myeloma cells has already ceased by the time of diagnosis. Two to three 
percent of patients present with myeloma cells which do not produce or secrete 
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M-protein and are classified as non-secretory myelomas. Diagnostic criteria of 
multiple myeloma are: 

1. Atypical plasma cells in the bone marrow (> 10%) or biopsy-proven plasma- 
cytoma. 

2. Presence of M-protein in the serum and/or urine. 

3. Osteolytic bone lesions or severe osteoporosis with vertebral collapse. In the 
absence of osteolytic bone lesions, the diagnosis can be made when plasma- 
cytosis is associated with a progressive increase in M-protein or a biopsy- 
proven plasmacytoma. 

Clinical Features 

The most common signs and symptoms of myeloma are those resulting from 
damage caused by multiple bone tumors and from complications associated with 
the derangements in monoclonal components (Table 1). The clinical picture is 
dominated by skeletal involvement in which osteoclastic activity leads to oste- 
oporosis, lytic bone lesions, and fractures. Significant bone disease is found in over 
75% of patients. Osteopenia and lytic bone lesions are most obvious on plain 
radiographs of the skull, vertebral bodies, and long bones of the extremities. 



Table 1 . Complications of multiple myeloma 



Pathophysiology 



Bone destruction resulting from plasma 
cell tumors in bone, primarily of the 
thoracic and lumbar vertebral bodies 



Bone marrow failure resulting from plasma 
cell infiltration of the bone marrow 

Accumulation of monoclonal 
immunoglobulins and suppression of 
normal immunoglobulin synthesis 



Renal failure resulting from precipitation 
of light chains in the renal tubules and 
their reabsorption into the renal tubular 
cells with deposition along basement 
membranes 

Amyloidosis 



Clinical features 



Lower back pain, compression fractures of the 
spine, cord compression 

Symptoms of hypercalcemia, including nausea, 
malaise, thirst; contributes to renal failure 

Anemia, abnormal bleeding or clotting, 
leukopenia, thrombocytopenia 

Immunosuppression-associated infections, 
including pneumococcal pneumonia, 
streptococci and staphylococci infections, and 
herpes zoster 

Hyperproteinemia- and hyperviscosity-related 
events - nosebleeds, purpura, headaches, 

CNS symptoms, neuropathies, heart failure 

Proteinuria, fatigue, nausea, vomiting 



Weakness, edema, dyspnea, syncope, 
carpal tunnel syndrome 

Contributes to cardiac and renal failure 
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The Importance of Assessing Disease Stage 

Prognosis in multiple myeloma is closely related to the presence and the extent 
of clinical and laboratory markers. The most commonly used system to assess 
disease stage is the Durie-Salmon staging system, which attempts to indirectly 
measure tumor burden based on hemoglobin, serum calcium, M-protein concen- 
trations,the presence of bone lesions, and urinary Bence-Jones protein. Since the 
development of this system in 1975, other prognostic indicators have been identi- 
fied, including plasma cell labeling index and serum p 2-microglobulin levels. 
These were subsequently incorporated by Durie into an expanded scheme to 
estimate risk and survival duration (Table 2). 



Table 2. Staging of multiple myeloma (Durie-Salmon staging system) 



Stage Criteria Myeloma Plasma cell Estimated 

ceil mass labeling Micro- survival 

(x 10'^ cells/m^) index globulin (months) 



I Hemoglobin > 0.6 Low Low 48 

(Low > 10 g/dl and (cut-off (cut-off 

risk) Serum calcium 0.4%) 4 pg/ml) 

>12 mg/dl and 

No radiologic bone lesion 
or solitary plasmacytoma 
of bone only and 

Low serum M-protein levels: 

IgG < 5 g/dl; IgA < 3 g/dl; 

Bence-Jones protein excreted 
in urine < 4 g/24 h 



II Neither stage I nor III 0.6-1.2 High/low“ High/low* 29 

(Inter 

mediate 

risk) 



III 

(High Hemoglobin > 1.2 High High 12 

risk) < 8.5 g/dl or 

Serum calcium 
>12 mg/dl or 
advanced osteolytic 
lesions or 

High serum M-protein 
levels: IgG > 7 g/dl; 

IgA > 5 g/dl; Bence-Jones 
protein excreted in 
urine >12 g/24 h 

Sub- A = serum creatinine 

class < 2 mg/dl 

B = serum creatinine 
> 2 mg/dl 



“ High plasma cell labeling index and low p-microglobulin levels or vice versa. 
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Serum albumin, C-reactive protein, serum interleukin-6, serum deoxythymidine 
kinase activity and circulating plasma cells or their precursors have also been 
proposed as prognostic indicators in myeloma. Age and functional status of the 
patient are also important, with persons of younger age and/or better perform- 
ance status generally having a better prognosis. 



The Management of Multiple Myeloma 

The disease stage also affects the choice of treatment regimen. Overall 5-year 
survival rates for patients with multiple myeloma have been quoted as approxi- 
mately 25% without consideration of disease stage. Less than 5% of patients sur- 
vive longer than 10 years. Thus, the primary goals for myeloma therapy are not to 
cure the disease, but rather are to prolong disease-free intervals, provide long-term 
symptom relief, preserve functional capacity and quality of life, and improve sur- 
vival rate. 

The course of the disease following chemotherapy is characterized by a repeat- 
ing cycle of response, termed the plateau phase, and relapse. The durations of these 
phases progressively shorten with subsequent treatments, until the disease even- 
tually becomes refractory to treatment (Fig. 1). Therapy can thus be defined as 
induction, maintenance, or salvage therapy based on these distinct disease phases. 



Induction Therapy 

The “gold standard” for induction therapy has been the combination of the 
alkylating agent melphalan and prednisolone or prednisone (MP) (Table 3). 
Remissions are achieved in approximately half of the patients treated with inter- 
mittent courses of this regimen. Various multidrug chemotherapy regimens, which 
frequently include an alkylating agent, are also currently in use. Their benefits over 
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Table 3. Overview of current perspectives of induction, maintenance, and salvage therapy in 
patients with multiple myeloma 



Induction 



Melphalan plus prednisone 

Response rates: 40%-50% [22,23] 
Duration of remission: approx. 2 years 
Median survival: approx. 2-3 years 

Candidates for therapy: 
good risk patients [1] 

Drawbacks: 

short-term: development of resistance 
long-term: development of 
secondary leukemia 



Combination chemotherapy with 
VAD,VBMCP,VMCP/VBAP or VAMP 

Response rates and survival: 
generally not superior to MP [1] 

Candidates for therapy: 
some regimens may provide advantages 
over MP to patients with certain 
characteristics [26] and for poorer risk 
patients [1] (i.e., renal failure, myelo- 
suppression [27]); others may present 
increased risk [23] 

Drawbacks: 

chemotherapy toxicities 



High-dose chemotherapy plus ABMT 
Rate of complete response: 30%-50% 

Duration of disease-free remission: 
approx. 2 years 

Median survival: 3-5 years [22,24] 

Candidates for therapy: 
young patients; patients with low 
myeloma cell mass [25] 

Drawbacks: 

increased toxicity; possibility of 
reinfusion of myeloma cells 



Interferon-a 

Response rate: 10%-30% 

Interferon-a plus chemotherapy 

Response rates: in most trials, slightly 
superior to chemotherapy alone 

Candidates for therapy: 
patients who are likely to tolerate 
increased marrow toxicity; 
further cUnical studies warranted 

Drawbacks: 

only marginal improvement in compari- 
son with other therapies; higher toxicity 



Maintenance Salvage 



Interferon-a 

Response durations: 12-26 months after 
chemotherapy [12-16, 18]; 

39-43 months after ABMT [19, 29] 

Median survival: 32-52 months [12-19] 

Candidates for therapy: patients who 
respond to induction regimen 

Drawbacks: 

side effects; cost of prolonged treatment 



VAD 

Response rates: 40%-75% [22, 25] 
Median survival: approx. 1 year 

High-dose chemotherapy plus ABMT or 
PBPCT 

Response rates: 49%-60% 

Median survival: 

approx. 30-60 months [22, 28] 

Interferon-a combinations 

Response rates: 30%-68% [16,20,21 
Median survival: 

up to 6 months [20] - 48 months [16] 



ABMT, autologous bone marrow transplant; PBPCT, peripheral blood progenitor cell transplanta- 
tion V, vincristine; A, adriamycin (doxorubicin); D, dexamethasone; B, carmustine (BCNU); 
M, melphalan; C, cyclophosphamide; P, prednisolone or prednisone 
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MP, however, have been the subject of considerable debate. A meta-analysis of i8 
published clinical trials demonstrated no overall improvement in survival over 
MP [i]; however, some regimens have been shown to produce longer median sur- 
vival times and maybe useful in selected patient groups [2,3]. 

Response rates with single-agent IFN-a were low (io%-30%) when used in 
previously untreated patients [4, 5]. When used in combination with chemo- 
therapy, improved response rates [6,7] and a longer duration of response [8] were 
achieved compared with chemotherapy alone. However, these results have not been 
consistently reported in all studies [9]. Alternating IFN therapy with combination 
therapy is also an approach that is currently being studied. 

High-dose, single-agent or combination therapy with or without radiotherapy, 
followed by autologous bone marrow transplants (ABMT) or peripheral blood 
progenitor cell transplants (PBPCT) is a treatment regimen that has become more 
widely used in newly diagnosed patients. Favorable results have been seen in small, 
nonrandomized studies [10], and preliminary reports from a recent randomized 
study show higher response rate and longer survival times with high-dose therapy 
plus ABMT or PBPCT than with chemotherapy alone [11]. 



Maintenance Therapy 

As observed in extensive evaluations, patients who respond to induction therapy 
will eventually relapse due to the presence of residual disease. Even those in whom 
the tumor mass is relatively low will eventually relapse. Thus, the objective of 
maintenance therapy is to prolong remission for as long as possible and to pre- 
serve the patient's quality of life in terms of relief from pain and symptoms of 
the disease. The cytotoxic and myelosuppressive effects of induction regimens 
preclude their prolonged use as maintenance therapy. 

IFN-a has yielded favorable results when used as maintenance therapy in 
patients who responded to induction therapy. This effect of IFN is presumably due 
to its activity in preventing or delaying the progression of the residual disease. In 
four randomized studies, maintenance therapy with IFN-a prolonged the response 
duration [12-15] and survival [14-15] following induction chemotherapy. However 
this beneficial effect has not been universally reported; this is in part due to 
differences in patient selection and trial design [16-18]. 

Therapy with IFN would be expected to be more effective when administered 
following the even greater reduction in tumor load that is achieved through 
myeloablative procedures. This expectation has been borne out in studies con- 
ducted in patients who responded to high-dose chemotherapy with subsequent 
stem cell rescue. In these patients maintenance therapy with IFN-a was found to 
prolong remission and increase survival [19]. 



Therapy for Patients with Resistant or Relapsed Disease 

Approximately half of the patients diagnosed with multiple myeloma will be 
resistant to initial therapy, and virtually all will eventually become unresponsive 
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to subsequent treatments. While numerous salvage regimens have been investi- 
gated with no consistent results, the combination of vincristine, adriamycin, and 
dexamethasone (VAD) has been suggested as the standard regimen for patients 
who relapse following treatment with one or more therapies. 

IFN-a has also been shown to be effective both in patients who do not respond 
to initial induction therapy and in those who become unresponsive to subsequent 
treatments. In nonrandomized trials, excellent objective and subjective responses, 
in terms of decreased or complete relief of bone pain and improved performance, 
were seen with the combination of IFN-a and high-dose methylprednisolone [20] . 
Positive objective responses were also seen when IFN-a was combined with dex- 
amethasone [21] in patients who were resistant to induction therapy. 

An unexpected high response rate was seen in another study in patients who 
failed to achieve a response to induction therapy and IFN-a who were subse- 
quently treated with IFN-a and dexamethasone [16]. Of 79 patients, 24 (30%) 
experienced further cytoreductions with the salvage treatment. The median 
survival time of this group was 48 months, compared with 32 and 38 months for 
patients who had responded to induction therapy and who received subsequent 
IFN-a therapy or no subsequent treatment, respectively. 



Interferon as Single-Agent Therapy 

IFNs exert antineoplastic effects via antigrowth and immunomodulatory prop- 
erties. In vitro work has shown that IFN-a reduces the production of M-proteins 
by malignant plasma cells, independently of the cytotoxic effect on myeloma cells. 
In addition, IFN-a has the capacity to inhibit both interleukin-6-dependent and 
-independent myeloma cell lines. 

When IFN was first used in the treatment of multiple myeloma, all four 
patients studied who did not respond to chemotherapy achieved objective 
responses [30]. This finding, and the encouraging results of two other studies 
involving a small number of patients [31, 32], prompted the initiation of rando- 
mized trials comparing single-agent IFN treatment to standard chemotherapy 
in newly diagnosed patients. The first published report on IFN as single-agent 
therapy came from a Swedish group [33] who found a 14% response rate in 
patients treated with single-agent IFN compared with a 44% response rate in 
patients treated with MR 

Higher response rates were observed in patients with IgA or light chain 
myeloma. Durations of IFN-induced remissions were usually slightly shorter than 
after chemotherapy, but survival was similar in both groups, probably because 
many patients not responding to or relapsing after IFN treatment responded well 
to subsequent conventional chemotherapy. 

In a later trial, the same Swedish group studied the efficacy of escalating IFN 
doses in patients with IgA or light chain myeloma [34]. The maximum tolerated 
dose was found to be lo MU daily for 7 days every 3 weeks, but toxicity was higher 
than that usually seen with conventional MR The 36% response rate, however, was 
higher than that achieved with lower IFN doses. In addition, IFN proved to be most 
beneficial in patients who tolerated the highest doses. 
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Our own study group compared single-agent IFN with vincristine/melphalan/ 
cyclophosphamide/prednisone (VMCP) polychemotherapy [5]. The selected dose 
of 2 MU IFN five times weekly, continuously, was tolerated without major prob- 
lems by most patients. Fourteen percent of the patients in the IFN arm and 57% 
in the VMCP arm responded. Patients with low tumor burden and those with IgA 
or light chain myeloma showed a tendency towards higher response rates. 

In summary, single-agent IFN treatment yields responses in about 20% of newly 
diagnosed myeloma patients, with reported response rates varying between 14% 
and 36%. Response seems to be highest in patients with low tumor burden and, 
according to some reports, in IgA and light chain myeloma. 

In pretreated patients, including those who relapsed after chemotherapy and 
those who did not respond to cytotoxic regimens, single-agent IFN therapy was 
also found to induce remissions [4, 35, 36]. Interestingly, patients who do not 
respond to chemotherapy may become responsive to this therapy after inter- 
mittent IFN treatment [37,38]. 



Combination Therapy 

The encouraging findings with single-agent IFN therapy, and in vitro studies 
showing synergism among IFN, alkylating agents, and prednisone [5, 39] in my- 
eloma cell growth inhibition, led to the design and initiation of IFN-chemotherapy 
combination protocols. The first trial, which was conducted by Cooper et al. [40] 
using IFN in combination with MP resulted in a remarkable response rate of 57%. 
Shortly thereafter, an Eastern Cooperative Oncology Group trial [41] using alter- 
nating IFN and vincristine/carmustine/melphalan/cyclophosphamide/pred- 
nisolone or prednisone treatment was completed in which 80% of patients 
achieved remission, with a median survival of 42 months and 5-year survival rate 
reaching 42%. Remarkably, in 30% of patients, the paraprotein disappeared com- 
pletely. 

The results of this phase II trial had to be confirmed by comparing IFN-chemo- 
therapy combinations with chemotherapy alone under controlled, randomized 
conditions. Five trials have been published, and data from several other studies 
have been presented. Three of the published trials enrolled more than 250 patients 
and thus will be discussed in more detail here. 

Osterborg et al. [7] combined human leukocyte IFN at a dose of 7 MU/m^ given 
for 5 days every three weeks, with standard MP every 6 weeks. In responsive 
patients, the dose of IFN was reduced to 3 MU/m^ three times weekly, and both 
IFN and MP treatment were continued until disease progression. Patients in the 
control group received standard MP. The response rate was significantly higher 
in the combined IFN/MP arm (65%) than in the MP group (45%). This difference 
was largely a result of the increased responsiveness of patients with stage II my- 
eloma, whereas in patients with stage III disease only a weak tendency towards 
improved results was seen. The survival rate also showed only a tendency towards 
improvement in the combined treatment group. 

Our own study group conducted a trial comparing 2 MU (fixed dose) IFN-a^^, 
five times weekly, in combination with VMCP chemotherapy versus VMCP alone 
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[14] . The resulting response rates were similar in both groups (67% and 62%) but 
the proportion of patients with progressive disease was significantly lower in pa- 
tients in the combined modality group (11% versus 23%). This decrease in disease 
progression was mainly confined to patients with low tumor burden. Progression- 
free survival was significantly longer in patients treated with the combined IFN- 
VMCP arm (23 versus 16 months), but overall survival did not differ significantly 
between the two groups (39 and 30 months for IFN-VMCP and VMCP, respec- 
tively). 

In contrast, these positive results were not found in another randomized trial 
also involving a large patient population [9] . However, that study used an unusu- 
ally low dose of IFN (4.8 MU/week), less than 25% of the dose used by Osterborg 
et al., and less than half of the dosage used in our trial. Based on these results, it 
seems that IFN doses below a certain limit fail to inhibit myeloma proliferation. 

There are several other reports on relatively small numbers of patients, and an 
additional trial involving 200 patients that has not yet been published in detail. 
Because we feel it is important to consider all data concerning the role of IFN in 
combination chemotherapy, even if some of that information has only been dis- 
closed at scientific meetings or by personal communication, we gathered all avail- 
able data for a comprehensive meta-analysis. We were able to collect data on a total 
of 1518 patients randomized to two arms: one comprising some IFN-chemotherapy 
combination treatment and the other comprising the same chemotherapy regi- 
men without IFN [14] (Table 4). The statistical analysis showed a small but sig- 
nificant impact of IFN combination chemotherapy on response rates (58.8% ver- 
sus 49.3%; p < 0.01), mean progression-free survival (22 versus 18 months), and 



Table 4. Trials on combined interferon induction therapy 



Ref. 


Number 
of patients 

IFN Cont. 


Chemo- 

therapy 


IFN dose 
(MU/week) 


Percent 

response 

IFN Cont. 


Progression- 
free survival 
(months) 
IFN Cont. 


Overall 
survival 
(months) 
IFN Cont. 


[7] 


164 


171 


MP 


18.7 


68 


42 


18 


17 


29 


27 


[9] 


138 


134 


MP 


4.8 


38 


44 


19 


22 


36 


37 


[14] 


125 


131 


VMCP 


10.0 


67 


60 


23 


16 


39 


30 


[50] 


102 


99 


VMCP/VBAP 


14.4 


54 


39 


22 


15 


39 


30 


[51] 


59 


54 


PCAB 


15.0 


41 


48 


25 


18 


48 


29 


[52] 


51 


44 


MP 


7.5 


86 


68 


39 


15 


44 


32 


[53] 


33 


29 


MP 


12.0 


45 


48 


24 


29 


38 


38 


[54] 


26 


28 


MP 


18.7 


62 


54 


25 


15 


n.a. 


n.a. 


[55] 


18 


18 


VMCP 


11.3 


94 


78 


n.a. 


n.a. 


n.a. 


n.a. 


[55] 


20 


17 


MP 


11.3 


80 


71 


n.a. 


n.a. 


n.a. 


n.a. 


[56] 


17 


17 


C 


6.0 


47 


24 


9 


9 


27 


24 


[57] 


12 


11 


MP 


9.0 


58 


64 


n.a. 


n.a. 


n.a. 


n.a. 




765 


753 






58.8“ 


49.3“ 


22“ 


18“ 


37“ 


31“ 



IFN, interferon; n.a., data not available; Cont, controls; see Table 3 for other abbreviations. 
“Mean. 
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mean overall survival (37 versus 31 months). Thus, the high statistical power of 
the large body of data detected a significant advantage for the addition of IFN to 
standard chemotherapy. However, as the median increase in the response rate is 
only about 10% and overall mean survival can only be prolonged be a few months, 
the decision to begin IFN treatment should be made between physician and pa- 
tient. The chance to benefit from the treatment must be balanced with the risk 
of additional toxicity and the inconvenience of routine subcutaneous injections. 



Interferon as Maintenance Treatment in Patients Responding to 
Conventional Chemotherapy 

Data from early phase II and III induction trials suggest a greater benefit with 
IFN in patients with low tumor load. Since after a successful induction treatment 
the tumor load is usually substantially reduced, the concept of using IFN during 
the maintenance phase evolved. The first trial using IFN as maintenance treat- 
ment was conducted by Mandelli et al. [12] who administered an IFN dose of 
10 MU/m^ three times weekly to patients who were in complete remission (CR) 
or partial remission (PR), or who had at least achieved stabilization of their dis- 
ease after induction chemotherapy. Since the initially selected dose led to intol- 
erable adverse effects the dosage was reduced to 3 MU/m'' three times weekly, 
which was tolerated by the majority of patients. Fifty patients on IFN maintenance 
therapy were compared with 51 untreated patients in the control arm. The out- 
come was striking: remission duration was significantly prolonged from 14 
months in the control group to 26 months in the IFN arm. Overall survival also 
showed a tendency towards improvement in IFN-treated patients (52 versus 39 
months) ; however, this observed prolongation was only significant in the subgroup 
of patients with complete or partial response after induction therapy. 

Similar findings have been reported by a Swedish group [42] which used 3 MU/m^ 
IFN three times weekly for maintenance treatment in patients who had achieved 
CR or PR after MP induction treatment. The median duration of the plateau phase 
was 14 months in patients on IFN maintenance compared with only 6 months in 
the controls; this difference was significant. In that study also the best results were 
obtained in patients with optimal response to previous chemotherapy. In spite of 
the significant prolongation of the maintenance phase by IFN treatment, the over- 
all survival rate did not increase in IFN-maintained patients. 

In our own trial [14], patients who had achieved CR, PR, or disease stabilization 
after VMCP induction therapy, with or without the addition of IFN, were randomized 
to either 2 MU (flat dose) three times weekly or no maintenance treatment. The 
duration of maintenance was found to be more than twice as long in IFN-maintained 
patients (18 months) than in controls (8 months ; p < 0.01). The median survival time 
was also significantly longer in the IFN arm (51 versus 34 months; p < 0.05). Our 
study design allowed the analysis of the impact which the type of induction treat- 
ment exerted on the outcome of IFN maintenance treatment, since remissions had 
been induced by either IFN- VMCP therapy or by VMCP alone. The longest dura- 
tion of maintenance was seen in patients who had received interferon both during 
the induction and the maintenance phase (21 months), while the shortest durations 
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of progression-free survival were observed in patients who had not received any 
IFN at all (6 months). Intermediate results were observed in patients who received 
IFN maintenance treatment after VMCP induction therapy (15 months,) and in 
those who had received IFN during induction therapy but not in the maintenance 
phase {10 months; p < 0.05 over all groups). 

Positive results were also obtained in a completed (but not yet published) 
Canadian trial [15]. Patients who had fully achieved remission after four cycles of 
standard MP therapy were randomized to either 2 MU/m^ IFN three times weekly 
or to the control arm. MP was continued in both arms until a stable response was 
established. In the 85 patients on IFN maintenance treatment, a significant pro- 
longation of maintenance duration (16 versus 12 months) was found. After correc- 
tion for baseline prognostic factors (largely performance status), overall survival 
was significantly prolonged in IFN-treated patients (44 versus 33 months). 

Results of a randomized trial in which IFN maintenance treatment was used 
after high-dose chemotherapy and ABMT provide further arguments in favor of 
IFN maintenance therapy [19]. Remission duration (46 months) and survival rates 
(93%) were significantly better in patients who achieved complete remission (com- 
plete disappearance of paraprotein, < 5% bone marrow plasma cells) when 
randomized to IFN maintenance treatment than in untreated controls (27 months 
remission duration and 75% survival rate). In patients who had only achieved a 
partial response, the impact of IFN failed to reach statistical significance. 

Two study groups reported no beneficial effects of IFN. The German Myeloma 
Group trial [17] showed no benefit in 46 patients randomized to 5 MU IFN (fixed 
dose) three times weekly compared with 55 controls. However, this study is diffi- 
cult to interpret because the authors defined response as > 25% decrease in tumor 
cell mass, a method based on estimations that are less accurate than the standard 
method of calculating the change in paraprotein levels. In addition, the median 
duration of induction chemotherapy (8 months) was much shorter than in most 
other trials. It must, therefore, be assumed that a fraction of the patients rando- 
mized to the maintenance trial still had significant tumor loads and had not yet 
achieved their best possible response to induction chemotherapy. It is question- 
able whether this study design is comparable to the other reported maintenance 
trials. 

In a recent Southwest Oncology Group (SWOG) study [16], 3 MU IFN (fixed 
dose) three times weekly was administered to 97 patients randomized to the 
interferon arm, and the outcome was compared with a group of 96 untreated con- 
trols. All patients enrolled had achieved a > 75% reduction in paraprotein levels. 
Pretreatment comprised either VMCP/VBAPP, VAD or VMCPP/VBAPP. Remission 
duration was 12 months in the IFN-treated group and 11 months in the control 
group, with a median survival of 34 months and 37 months, respectively. The im- 
pact of the high-dose glucocorticoid treatment, given in two of the three induc- 
tion regimens, on the efficacy of the subsequent IFN maintenance treatment, how- 
ever, has not yet been thoroughly investigated. 

Similar to our analysis of the induction trials, we attempted to clarify the im- 
pact of IFN on maintenance treatment by analyzing all available data. We were 
able to gather data on a total of 923 patients enrolled in randomized trials com- 
paring IFN maintenance treatment to untreated controls [14] (Table 5). IFN main- 





Treatment Strategies in Multiple Myeloma: Biotherapy with Interferons 



127 



Table S. Trials on interferon maintenance treatment 



Ref. 


Number 
of patients 

IFN Cent. 


Induction 

regimen 


IFN dose 
(MU/week) 


Progression 
free survival 
(months) 
IFN Cont. 


Overall 

survival 

(months) 

IFN Cont. 


[16] 


96 


96 


VMCP/VBAP or VAD 
orVMCCP/VBAPP 


9.0 


12 


11 


37 


38 


[15] 


85 


92 


MP 


9.6 


16 


12 


37 


34 


[42] 


59 


61 


MP 


15.0 


16 


6 


37 


35 


[17] 


52 


64 


MP orVBAMD 


15.0 


12 


13 


46 


46 


[12] 


50 


51 


MP or VMCP/VBAP 


22.5 


26 


14 


48 


39 


[14] 


46 


54 


VMCP or IFN/VMCP 


6.0 


21 


8 


46 


34 


[19] 


42 


42 


eVAMP; high-dose M 
and ABMT 


14.4 


39 


27 


n.a. 


n.a. 


[58] 


15 


18 


DHBI 


9.0 


17 


10 


24 


15 




445 


478 






19" 


12“ 


40“ 


37* 



DHBI, double hemibody irradiation; see Tables 3 and 4 and text for other abbreviations. 
"Mean. 



tenance treatment induced a significant prolongation of both maintenance du- 
ration (p < 0.05) and overall survival (p < 0.02). Several reports indicate that the 
best results of IFN maintenance treatment maybe achieved in patients who have 
responded optimally to induction therapy. 



Salvage Therapy with Interferon Glucocorticosteroid Combinations 

Corticosteroids have been shown to act synergistically with melphalan in inhib- 
iting myeloma cell growth in vitro [43]. They also reduce the toxicity of IFN [44] 
and rank among the most active single drugs used to treat myeloma, surpassed 
only by melphalan. Thus, combining glucocorticoids with IFN seems logical and 
promising. This assumption has been supported by Alexanian et al. [45] who 
achieved a response rate of 57% with a combination of IFN and dexamethasone 
(D) in newly diagnosed patients. In heavily pretreated patients, however, the 
investigators observed a different outcome [46]. The response rates obtained with 
IFN-VAD in relapsing patients and with IFN-D in primarily nonresponding 
patients were not improved compared with historic controls using equivalent regi- 
mens without interferon. Since that study was a nonrandomized, phase II trial, 
many questions remain unresolved. In a recent randomized trial with a small 
number of patients, no difference in progression-free and overall survival was 
found between IFN-VAD and VAD alone [47]. 

Favorable results with IFN-D in nonresponding or relapsing patients have been 
reported in two trials. San Miguel et al. [48] achieved a remarkable response rate 
of 68% in patients who did not respond to chemotherapy. Ganjoo [20] reported 
an objective response rate of 48% (including all patients with a >25% reduction 
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in paraprotein levels) in patients with refractory or relapsed myeloma. IFN was 
usually well tolerated by the patients in those trials, but the high dose of 
corticosteroids may have significantly increased the risk of infections. 

A remarkable result was obtained in the recent SWOG study [i6]. Patients who 
had failed to respond completely to induction chemotherapy were treated with 
IFN-D. Forty-two percent of these patients achieved a reduction in their serum 
M-component to more than 75% of its initial value. 

Attempting to put all these data into perspective, a beneficial effect of inter- 
feron-glucocorticoid combinations seems likely for many patients. However, 
further investigations of the benefit of interferon-glucocorticoid combinations for 
salvage treatment are warranted. 



Conclusions 

Multiple myeloma is a malignant disorder of B lymphocytes, with an accumula- 
tion of nondividing or only slowly dividing plasma cells in the bone marrow. Even 
though the median survival of patients with multiple myeloma has increased from 
approximately 1 year in the era before chemotherapy to about 3 years at present, 
all cytostatic drugs used to treat these patients were developed decades ago. IFN-a 
is the only new substance that has been recently introduced into the armament 
of drugs against multiple myeloma, and evidence of its benefits is accumulating. 

When interferon therapy is given in addition to induction chemotherapy, 
response rates, remission duration and survival rates improve by a small but sig- 
nificant margin. After high-dose chemotherapy with subsequent ABMT or PBPCT 
the achieved reduction in tumor mass can be better maintained with interferon 
support than without maintenance treatment, particularly in patients who had 
achieved a complete response. For remission maintenance in general, interferon 
therapy is the best treatment presently available. A meta-analysis of relevant data 
revealed significantly prolonged remission durations and survival times. Thus, 
interferon treatment can be recommended for maintenance treatment of multi- 
ple myeloma patients who achieved remission or disease stabilization after con- 
ventional induction chemotherapy. 
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CHAPTER 9 



Treatment Options for Hairy Cell Leukemia 

C. S. Zent, and H. M. Golomb 



Introduction 

Hairy cell leukemia (HCL) is a rare B-cell lymphoproliferative disorder, first 
described as a separate entity in 1958 and named in 1966 for the characteristic 
leukemic cell cytoplasmic protrusions seen on light microscopy of peripheral 
blood and bone marrow smears [1]. Despite its rarity, HCL has been of great 
interest to hematologists because of the evolution of successful management 
which has increased survival time from a median of 53 months without treatment 
[2] to approximate that of an age-matched cohort. 

The malignant cells in HCL express the pan B-cell markers CD19 and CD20 (but 
not CD21), and most express the interleukin-2 (IL-2) receptor (CD25) and produce 
heavy chain immunoglobulin [1]. The hairy cell (HC) thus represents the malig- 
nant counterpart of a mature pre-plasma cell B-lymphocyte. Neither unique HC 
surface markers nor recurrent cytogenetic abnormalities have been described [1]. 
HCL is associated with increased circulating levels of soluble IL-2 receptor mol- 
ecules (SIL-2R) and tumor necrosis-factor-a (TNFa) which correlate with tumor 
burden [1,3,4]- 

The etiology of HCL is unknown. The disease occurs predominantly in mid- 
dle-aged men (male to female ratio, 4 : 1) and patients usually present with pan- 
cytopenia and splenomegaly [1]. Peripheral lymphadenopathy is rare (5%- 

23%) [1.5]- 

Pancytopenia results from production failure due to HC infiltration of the bone 
marrow and hypersplenism secondary to HC infiltration of the spleen. Granulo- 
cytopenia, monocytopenia, and T-cell dysfunction result in profound immuno- 
suppression. Infection by both common and opportunistic organisms is frequent 
and the major cause of death. Immunosuppression due to HCL is exacerbated by 
some treatment modalities and may contribute to the increased risk of second- 
ary malignancies which has been documented in HCL [6,7]. Thrombocytopenia 
and abnormal platelet function increase the risk of bleeding. Autoimmune dis- 
orders usually manifest as vasculitic skin rashes, and arthritis may also be prob- 
lematic. 

Diagnosis is based on the presence of lymphocytes with the characteristic strag- 
gly cytoplasmic projections (HC) on blood and bone marrow aspirate smears, as 
detected by both conventional light and electron microscopy. Electron microscopy 
reveals a ribosome-lamellae complex in HC in about 50% of cases [5]. Marrow 
fibrosis is common and frequently prevents bone marrow HC aspiration (dry tap). 
HC in bone marrow and other tissue biopsies appear as small lymphocytes with- 
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out their characteristic cytoplasmic features. Bone marrow (BM) biopsy exami- 
nation is used to assess the extent of BM involvement. Tartrate resistant acid phos- 
phatase (TRAP) staining is positive in 95% of cases and is essentially diagnostic 
for HCL [1] . The differential diagnosis includes B-cell prolymphocytic leukemia, 
splenic lymphoma with villous lymphocytes, chronic lymphocytic leukemia, and 
mast cell disease. 



Treatment 

Treatment is indicated in patients with significant cytopenias [hemoglobin (Hb) 
< 10 g%, absolute neutrophil count (ANC) < 1000/pl, platelet count < 75 000/pl], 
recurrent or opportunistic infection, symptomatic splenomegaly or other tissue 
infiltrations, autoimmune complications, or bulky retroperitoneal disease. Patients 
without any of these features at presentation do not require treatment but should 
be followed up carefully. 

The management of HCL has evolved from splenectomy and interferon alpha- 
2b (IFNaib) to a more effective therapy with the purine analogues 2'-deoxy- 
coformycin (2-dCF) and 2-chlorodeoxyadenosine (2-CdA). There are also a few 
reports suggesting that a third purine analogue, fludarabine, may be effective in 
the management of HCL. 



Splenectomy 

The use of splenectomy in the management of HCL which was first reported in 
1958 results in the normalization of blood counts in 6o%-70% of patients, with a 
median duration of response of 8 months and an increase in median survival [1]. 
The response rate is independent of spleen size. Complications are rare and the 
surgical mortality ranges from 0% to 2%. Splenectomy was the first effective treat- 
ment modality for HCL and is still of value in the management of isolated symp- 
tomatic splenomegaly and the emergency treatment of splenic rupture [8]. 



Interferon a2b 

IFN a2b was the first highly effective therapy for HCL, resulting in a significant 
response in about 80% of patients [1, 9-11]. The majority of responding patients 
(62%-74% of those treated) achieve a partial remission (PR) defined as a > 50% 
decrease in HC BM infiltrate and restored peripheral blood counts (Hb > i2g%, 
ANC > 1500/pl, platelet count > 100 ooo/pl). A minority of patients (8%-i7%) 
achieve a complete hematological remission (CR) defined as no detectable BM HC 
with resolution of organomegaly and cytopenia [1, 9-11]. Lasting unmaintained 
remissions are rare and over 50% of patients with CR will relapse within 3 years 
of completing treatment [9] . Use of sensitive immunohistochemical and molecu- 
lar marking methods has demonstrated residual HC in nearly all patients achiev- 
ing CR with IFN tt2b treatment [12] . However, the overall survival rate of patients 
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treated with IFNa2b is very good with an estimated 5-year survival rate ranging 
from 85% to 98% [9-11]. 

The mechanism of action of IFN a2b in HCL is complex and not fully under- 
stood [i3].IFNa2b inhibits the autocrine and paracrine mechanisms required for 
clonal HC expansion [5, 13, 14] . There is inhibition of HC expression of interleukin-2 
(IL-2) receptors, and a decrease in HC response to IL-2 and TNF. IFNa decreases 
intracellular free calcium levels resulting in the down regulation of CD20 phos- 
phorylation which may decrease BCL-2 expression and thus decrease the cells ' 
resistance to apoptosis [13]. In addition IFN a treatment has been found to result 
in the reorganization of the disrupted cytoskeleton in HC [13]. 

Cytopenia and immune function begin to improve within 1 to 2 months of start 
of therapy, and improvement continues for up to 6 months. Severe toxicity due 
to IFN a is rare. Fever and myalgia are common at the start of treatment and 
respond well to acetaminophen therapy. A decrease in blood counts is rare, but 
can be problematic, and fatigue may be a persistent side effect. There is concern 
that treatment with IFNa may be associated with an increased risk of a second 
malignancy in patients with HCL [6]; however, a causal relationship has not been 
established. The therapy extends over at least 1 year of self-administered sub- 
cutaneous injections three times weekly using 2 MU/m^ per day. Optimal treat- 
ment duration is 12 months, and there is no proven benefit of maintenance therapy 
[10] . Patients relapsing after cessation of treatment usually respond to retreatment 
with IFNa. 

Therapy with IFNazb has been largely superseded by the use of the purine ana- 
logues 2-dCF and 2-CdA. However use of IFN a2b maybe indicated in the initial 
treatment of elderly patients who cannot tolerate chemotherapy, in the treatment 
of patients with life threatening cytopenias, and in the re-treatment of patients 
after purine analogue treatment failure. 



The Purine Analogues 

The malignant cells in low-grade lymphoproliferative diseases such as HCL are 
slow growing and most cells are in the resting phase (G^) of the cell cycle. Most 
conventional chemotherapeutic agents are selectively toxic to rapidly growing cells 
and are relatively ineffective in the treatment of HCL. However the purine ana- 
logues 2-dCF, 2-CdA, and 2-fluoro-ara-AMP (fludarabine) target both cycling and 
noncycling malignant lymphocytes. The selective lymphocyte toxicity is partly 
due to the dependence of lymphocytes on adenosine deaminase (ADA) activity 
and the low level of 5 '-nucleotidase activity in lymphocytes (see Fig. 1). Inhibi- 
tion of ADA by 2-dCF allows the accumulation of high concentrations of deoxy- 
ribonucleotides, and the resistance of 2-CdA and fludarabine to deamination by 
ADA results in the achievement of high intracellular concentrations of the active 
metabolites. The effectiveness of purine analogues against nondividing cells with 
low levels of ribonucleotide reductase is not fully explained [15] . It is possible that 
failure to repair DNA strand breaks which are caused by increased intracellular 
levels of deoxyribonucleotide activates both a Ca^^/Mg"-dependent endonucle- 
ase and a poly-(ADP-ribose)polymerase that decrease NAD and ATP levels and 
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Fig. 1 . Deoxyadenosine metabolism in lymphocytes 

activate apoptosis [15] . The marked sensitivity of HC to 2-CdA and 2-dCF appears 
to be due to a high deoxycytidine kinase to 5 '-nucleotidase ratio together with 
the dependence of HC on cytokine production by lymphocytes sensitive to the 
effects of these drugs [15,16]. 



2 '-Deoxycoformydn 

2-dCF,also called pentostatin, inhibits ADA, allowing the accumulation of lethal 
intracellular concentrations of deoxyribonucleotide in both resting and dividing 
cells. The overall response rate to therapy is in excess of 85%, with 59%-89% of 
patients achieving a CR [1, 16-18]. Good responses are achieved in patients previ- 
ously treated with IFNa2b [9]. A response in the platelet count can occur within 
2 weeks of the start of therapy, and anemia and leukopenia resolve over the fol- 
lowing 2 months. BM remission may be achieved within 2-6 months. The reported 
relapse rate is low with a median duration of remission without maintenance 
therapy exceeding 2 years. 

Weekly therapy with 2-dCF is complicated by fatigue and anorexia. The cur- 
rently recommended dose is 4 mg/m^ IV every 2 weeks for between 3 and 6 months 
[8, 16]. Dose reduction in case of renal impairment is advised. 

The side effects of 2-dCF at doses used in the treatment of HCL includes 
myelosuppression, immunosuppression (which may be prolonged), nausea and 
vomiting, skin rash and photosensitivity, keratoconjunctivitis, lethargy, and in rare 
cases, renal toxicity [16, 17]. CD‘*+ and CD*^ cell counts are decreased to < 200/pl 
in all patients and may remain significantly suppressed for over a year [16]. 

The use of 2-dCF has been largely superseded by 2-CdA which has an equal or 
improved efficacy, a better toxicity profile and a more convenient treatment regi- 
men. The use of 2-dCF is indicated in treatment of 2-CdA-resistant HCL as there 
appears to be limited cross resistance between 2-dCF and 2-CdA despite their 
similar mode of action [19]. 
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2-Chlorodeoxyadenosine 

2-CdA (cladribine) is a purine analogue which is resistant to deamination by ADA. 
Metabolism by the adenosine phosphorylation pathway results in the accumula- 
tion of nucleotide analogues which are incorporated into DNA (see Fig. 2) and 
induce apoptosis in both resting and dividing cells. 2-CdA was first used in the 
treatment of HCL in 1987 (reported in 1990 [20]) and was subsequently proven to 
be a highly effective drug in the management of this leukemia. Response rates in 
excess of 95% with 75%-85% CR have been achieved with a single cycle of therapy 
[1, 4, 15, 20, 21] . CR appear to be durable with relapse rates in patients of less than 
5% at 3 years being reported [16] . However residual HC can be detected by sensi- 
tive methods in most patients with sustained CR [21, 22-24], suggesting that 
2-CdA may fail to core HCL. The significance of this finding in determining the 
risk of clinical relapse is not known. 

2-CdA is toxic to stem cells, resulting in dose-limiting myelosuppression. A 
single course of 0.1 mg/kg/d for 7 days causes transient granulocytopenia (me- 
dian nadir neutrophil count 400/pl), anemia and thrombocytopenia (median 
nadir 77 ooo/pl) with recovery of blood counts at a median time of 60 days after 
therapy [16, 21]. Severe and prolonged lymphopenia exacerbates immuno- 
compromise, but is usually of shorter duration than that following 2-dCF therapy, 
with most patients recovering within 12 months [16]. 

Fever, which occurs in up to 50% of treated patients within a week of the start- 
ing of therapy, is believed to be due to cytokine release from HC although infec- 
tious causes must also be considered [16, 21]. Toxicity to the renal and central 
nervous system, alopecia, and nausea and vomiting, which have been reported for 
2-CdA therapy, do not usually occur at the doses used in the treatment of HCL. 

The cytotoxic effect of 2-CdA in cell culture is time-dependent suggesting that 
prolonged administration maybe most effective. Although 2-CdA maybe admin- 
istered by IV, subcutaneous and oral routes [15], most studies have used a stand- 
ard 7 day IV infusion of 0.1 mg/kg per day. However, since the p half-life of 2-CdA 
is 6.7 ± 2.5 h and the bioavailability of subcutaneously administered 2-CdA is 
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100% (50% oral bioavailability), intermittent IV bolus or subcutaneous dosing 
maybe equally effective [15]. This has not yet been demonstrated in clinical prac- 
tice. 



2-Fluoro-Ara-AMP 

There have been a few case reports describing treatment of patients with HCL with 
2-fluoro-ara-AMP (fludarabine) (30 mg/m^ per day for 5 days every 28 days). 
Partial responses have been achieved in patients resistant to 2-dCP and 2-CdA [25, 
26] . However, due to the efficacy of treatment with 2-dCF and 2-CdA, it is unlikely 
that fludarabine will be used as a first-line therapy for HCL. 



Summary 

HCL is a rare lymphoproliferative disorder with an indolent clinical course which 
o ccurs predominantly in middle aged men. The disease responds well to treatment 
with either IFNa2b or the purine analogues 2-dCF and 2-CdA. In patients in 
whom treatment is indicated, the use of 2-CdA is recommended and CR can be 
expected in over 75% of patients. 2-dCF and IFNa2b therapy are generally 
reserved for patients with 2-CdA-resistant disease and those who cannot toler- 
ate 2-CdA. 

Advances in the drug therapy of HCL have markedly improved the prognosis 
of patients with the disease, and HCL has become a model of effective manage- 
ment of low-grade lymphoproliferative disease. Future research is required to 
determine the optimal method of administration of 2-CdA, the management of 
resistant disease, and the significance of low-grade residual disease. 
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Alpha-Interferon and Bone Marrow or Peripheral Blood 
Stem Cell Transplantation 
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Introduction 

Data of major clinical trials concerning bone marrow transplantation (BMT) or 
peripheral blood stem cell transplantation (PBSCT) and treatment with alpha-inter- 
feron (IFN-a) exist only for patients with chronic myeloid leukemia (CML) and mul- 
tiple myeloma (MM). Therefore, this contribution is mainly restricted to these two 
indications. In addition, a brief summary of experimental data on the use of IFN-a 
for the induction of autologous graft-versus-host disease (GVHD) is given. 



Chronic Myeloid Leukemia 

Data concerning IFN-a treatment of CML patients are discussed elsewhere in this 
volume (see chapter by Hehlmann and Reiter). 

Ever since the administration of IFN-a in CML patients became a widespread 
therapeutic approach, more and more patients are undergoing BMT after previ- 
ous therapy with IFN-a. Relevant data exist only for allogeneic BMT. With respect 
to BMT two questions have to be answered: (i) Does prior therapy with IFN-a 
affect the outcome of BMT? and (2) Are there any indications for application of 
IFN-a after BMT? 

To answer these questions, a large retrospective analysis of 77 patients was per- 
formed by the Houston group [1], All patients received grafts from HLA-identi- 
cal family donors. Forty-one patients received transplants in the chronic phase 
and 36 patients underwent allogeneic BMT during a more advanced phase of their 
disease. Forty-six patients received prior therapy with IFN-a. Twenty-three 
patients in the chronic phase group received various formulations of IFN-a at 
doses of 3-5 X 10* lU/m^ either daily or three times per week for a median of 
56 weeks (range, 9-343). IFN-a treatment was discontinued after a median of 
11 weeks (range, 2-97) before BMT. Thirteen patients in the more advanced disease 
group received IFN-a for a median of 25 weeks (range, 4-196) in the same dose 
and manner as the chronic phase patients. 

Conditioning therapy in all patients consisted of total body irradiation (TBI) 
and high-dose cyclophosphamide. For some patients VP16 or thiotepa were also 
administered. In the IFN-a group, two patients experienced graft failure as did 
three patients in the control group. In the other eligible patients time to neutro- 
phil or platelet recovery and the incidence of acute or chronic GVHD did not differ 
significantly between IFN-a and control patients. 
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The outcome of allogeneic BMT was similar in both groups, and there were no 
significant differences for patients receiving transplants during the chronic phase. 
The rate of disease-free survival (DFS) was 46% ± 11% at three years in the IFN-a 
group compared with 59% ± 13% in the control group; for patients receiving trans- 
plants during a more advanced phase the rate of DFS was 9% ± 6% at 2 years in 
the IFN-a group compared with 11% ± 10% in the control group. Corresponding 
data for the loo-day transplant-related mortality were 22% versus 16%, and 23% 
versus 30%, respectively. 

For patients receiving transplants in the chronic phase, there was a trend 
toward improved survival and DFS for the group without previous IFN-a therapy; 
however this was not statistically significant and could be accounted for by other 
prognostic variables such as age. The authors conclude that IFN-a therapy before 
transplantation did not substantially affect transplant outcome in patients treated 
for CML. 

The Essen group also retrospectively analyzed data of 133 consecutive patients 
with Philadelphia-chromosome-positive CML (Ph-H) who received transplants in 
the first chronic phase [2]. Of these patients 103 received marrow grafts from HLA- 
identical family donors. In 15 patients the family donor had a single HLA disparity, 
and 15 patients received transplants from unrelated donors (HLA-A, -B, -DR 
matched in 14 cases; one antigen mismatch in one patient). Fifty patients had been 
previously treated with IFN-a for at least 4 consecutive weeks with three to seven 
applications weekly. The median duration of previous IFN-a treatment was 14 
months (range, 1-61) . In all patients conditioning therapy consisted of TBl and high- 
dose cyclophosphamide. All patients survived at least 20 days and were evaluable 
for engraftment. Marrow graft failure occurred exclusively in seven of 30 patients 
with donors other than HLA-identical family members and was further restricted 
to patients who had been previously exposed to IFN-a. In six of these seven patients, 
IFN-a treatment exceeded 12 months. Neutrophil and platelet recovery were delayed 
in patients with donors other than HLA-identical family donors and who were 
pretreated with IFN-a compared with all other subgroups. 

The rate of DFS among the entire patient population at 5 years did not differ 
significantly between patients with or without IFN-a pretreatment (42% ± 8% ver- 
sus 53% ± 6%). However, significant differences in DFS rates became obvious on 
analyzing certain subgroups: the DFS rate among patients with family donors and 
pretreatment with IFN-a for < 12 months and > 12 months was 64% ± 12% and 
33% ± 14%, respectively; the rate of DFS among patients with alternative donors 
with and pretreatment with IFN-a < 12 months and > 12 months was 50% ± 25% 
and 23% ± 12%, respectively. Treatment-related mortality was significantly in- 
creased in patients with IFN-a pretreatment for more than 12 months compared 
with those in whom IFN-a pretreatment did not exceed 12 months: 68% ± 10% 
versus 26% ± 9% (p < 0.009). In particular, fatal posttransplant infections were 
frequent among patients with IFN-a pretreatment of more than 12 months. The 
incidence of acute and chronic GVHD and the relapse rate did not differ signifi- 
cantly between patients with or without previous IFN-a treatment. 

The authors concluded that prolonged pretransplant administration of IFN to 
patients with chronic phase CML is associated with a higher risk of transplant- 
related complications and a poor outcome after allogeneic BMT. 
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Both studies did not find any benefit of IFN-a therapy before allogeneic BMT. 
On the contrary, the Essen BMT group presented data which strongly suggest that 
prolonged administration of IFN-a prior to allogeneic BMT adversely affects the 
outcome. Therefore, if a HLA-compatible donor is available and if there are no 
contraindications for allogeneic transplantation, the patient should not be pre- 
treated with IFN-a. After cytoreductive therapy with hydroxyurea, allogeneic BMT 
or PBSCT should be performed in these patients as soon as possible. 

If no HLA-compatible family donor is available the best therapeutic approach 
at the moment is IFN-a therapy. Patients achieving complete or major karyotypic 
remissions are no longer candidates for BMT or PBSCT due to the favorable long- 
term results in this subgroup of patients. The ultimate option for younger patients 
not achieving a major karyotypic remission is BMT or PBSCT with the graft of 
an unrelated donor. In some patients it takes 2-3 years of IFN-a therapy to achieve 
a major karyotypic response. Therefore, after 12 months it is not possible in all 
patients to predict the degree of the karyotypic response. For this reason in some 
cases allogeneic BMT or PBSCT must be performed after IFN-a pretreatment of 
more than 12 months. In these patients the use of peripheral blood stem cells 
instead of bone marrow might help to overcome the graft failure problem (U. W. 
Schaefer, personal communication). 

Several indications for IFN-a treatment after allogeneic BMT are still a matter 
of discussion; relapse after allogeneic BMT is often accepted as an indication. After 
diagnosis of karyotypic or hematologic relapse, patients have been treated with 
IFN-a alone or in combination with donor lymphocyte transfusions. 

The Seattle group published data on 18 patients with karyotypic and hema- 
tologic relapse of Ph-H CML after allogeneic BMT [3]. All patients were treated with 
IFN-a2a with a median induction dose of 3 x io‘ lU/m^ per day (range, 1-6 x 10*). 
A significant increase in this dose was not tolerated by most patients. Hematologic 
remission, defined as the return of white blood cell (WBC) counts to normal 
occurred in 14 patients. The median time to achieving a normal WBC count in 
these patients was 21 days (range, 3-111). Six patients achieved complete karyo- 
typic responses (disappearance of the Ph+ in at least one test) and two patients 
achieved partial responses (reduction of the Ph-l- population to less than 35%). 
The median time to achieving a complete karyotypic response was three months 
(range, 1-18) with a median duration of ^ 22 months (range 6-> 31). In four 
patients with complete karyotypic responses a BCR/ABL rearrangement was not 
detectable by Southern blot analysis. In four of the patients achieving complete 
karyotypic remissions, at least one clonal chromosomal abnormality in addition 
to Ph was present before IFN-a treatment, including one case with trisomy 8. Side 
effects were tolerable in most patients. Six patients (one of them with a karyo- 
typic response) experienced significant toxicity. Only one patient who started IFN 
treatment already on day 40 after BMT developed chronic GVHD on day 72. 

The authors concluded that IFN-a treatment of patients with chronic phase CML 
who experience a relapse after allogeneic BMT is feasible and effective. The proportion 
of post-transplant patients which achieves a complete karyotypic response (33%) ap- 
peared to be at least equivalent to that reported for patients with newly diagnosed 
CML. However, the impact of IFN-a therapy on survival remains unclear. 
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A survey carried out by the European Bone Marrow Transplantation Group 
(EBMT) clarified this issue [4]. This survey consisted of data on 130 CML patients 
who experienced a relapse after allogeneic BMT. Seventy-four patients presented 
with karyotypic relapse (presence of Ph-l- cells). Twenty-four of them received IFN- 
a therapy with a median starting dose of 3 (range, 0.5-5) ^ 10* lU/m^ for a median 
of 3 (range, 3-7) days per week. Ten patients (42%) were karyotypic responders, four 
of whom achieved a complete karyotypic remission. Of the 50 patients who were 
untreated, 20 (40%) exhibited a spontaneous reduction in Ph-t- metaphases, ten of 
them achieving complete karyotypic remissions. All patients with more than 40% 
Ph-H cells eventually progressed to hematologic relapse. The probability of progres- 
sion to hematologic relapse was significantly delayed among IFN-treated patients. 

The 2-year survival probability was also significantly higher for the 24 patients 
receiving IFN-a for karyotypic relapse than for the control group; however, at 6 
years, actuarial survival was no longer different. Forty-three patients received IFN-a 
therapy after diagnosis of hematologic relapse in chronic phase either as single 
therapy or in combination with hydroxyurea. The median starting dose of IFN-a 
was 5 (range, 0.5-10) x 10® lU/m^ for a median of 5 (range, 3-7) days per week. 
Fifteen patients received conventional chemotherapy only. Of the IFN-a-treated 
patients seven (25%) achieved a karyotypic response, four of whom had a com- 
plete karyotypic remission. Only one patient achieved a minor karyotypic 
response after conventional chemotherapy. Twelve patients received IFN-a 
therapy after diagnosis of hematologic relapse in advanced phase (eight acceler- 
ated phase and four blast crisis) either as single therapy or in combination with 
chemotherapy. Only two patients achieved karyotypic responses (one minor, one 
partial). Patients treated with IFN-a after hematologic relapse had an improved 
2-year survival probability. But in this patient group too the difference in favor of 
IFN-a-treated patients disappeared on a longer follow-up. 

Therefore, the following conclusions can be drawn for clinical practice: about 
30% of all patients with hematologic relapse in chronic phase after allogeneic BMT 
achieve karyotypic responses if treated with IFN-a. Many of these responses are 
not long-lasting, but a delay of disease progression can be achieved in the ma- 
jority of patients. With the same intention of delaying disease progression patients 
with karyotypic relapses presenting with more than 40% Ph-l- metaphases can be 
treated with IFN-a. If the proportion of Ph-l- cells in a cytogenetic analysis is below 
40% without signs of hematologic relapse, therapy with IFN-a is not beneficial 
in all cases, because many of these patients spontaneously achieved karyotypic 
remissions. 

Another therapeutic approach for CML patients who experience a relapse after 
allogeneic BMT is the transfusion of donor lymphocytes. In many cases patients 
receiving donor lymphocytes have simultaneously been treated with IFN-a. 
Therefore, it had to be clarified whether the combination of donor lymphocyte 
transfusion and IFN-a therapy is beneficial in these cases. Another survey carried 
out by the EBMT resolved this question [5]. This survey consisted of data on 135 
patients with myeloproliferative syndromes, myelodysplastic syndromes (MDS) 
and acute leukemia. All of these patients relapsed after allogeneic BMT and 
received donor lymphocyte transfusions. Lasting remissions were only achieved 
in patients who received transplants for myeloproliferative syndrome and relapse 
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in chronic phase. Of 67 evaluable patients presenting with karyotypic (« = 17) or 
hematologic (n = 50) relapse of CML after allogeneic BMT 53 (79%) achieved 
complete karyotypic remissions after transfusion of donor lymphocytes. The risk 
of a second relapse for these patients was less than 20% and the rate of long-term 
DFS was 67%. In acute myelogenous leukemia (AML) and MDS only six of 21 
evaluable patients achieved remissions between 118 and 855 days. In 20 evaluable 
patients with transformed phase of CML and acute lymphoblastic leukemia (ALL) 
only one short remission could be obtained. 

Severe side effects were observed in many patients. GVHD occurred in 79 of 
133 patients (59%), requiring treatment in 55 patients (41%). Severe myelo- 
suppression occurred in two of 15 patients treated for karyotypic relapse and in 
25 of 50 patients treated for hematologic relapse in chronic phase. Treatment with 
IFN-a before or simultaneously with the lymphocyte transfusion was a signifi- 
cant risk factor for the development of GVHD after donor lymphocyte transfusion 
ip - 0.01). This effect was most prominent in patients with AML, MDS or ALL 
ip = 0.003) and was not evident in patients with CML or PVC. Myelosuppression 
was not affected by treatment with IFN-o; 25 of 77 patients (32%) treated with 
IFN-a developed myelosuppression compared with 15 of 44 patients (34%) with- 
out concomitant IFN-a treatment. 

The therapeutic effect of the donor lymphocyte infusion in CML patients was 
not affected by the simultaneous treatment with IFN-a; of 60 patients receiving 
IFN-a 45 (75%) responded compared with 13 of 19 patients (68%) without IFN-a 
treatment. Summing up the results of this EBMT survey, there are no convincing 
data prompting clinicians to administer IFN-a in addition to the transfusion of 
donor lymphocytes. On the contrary, transfusion of donor lymphocytes is an 
attractive alternative in CML patients presenting with karyotypic or hematologic 
chronic phase relapse after allogeneic BMT. Compared with the IFN-a therapy the 
rate of karyotypic remissions is superior and these remissions seem to be long- 
lasting in the majority of patients. On the other hand the risk of severe side effects 
is increased. Therefore, for some patients in a poor clinical condition IFN-a 
therapy might be preferable. 

An ongoing prospective randomized multicenter trial of the Chronic Leukemia 
Working Party of the EBMT is addressing the question of whether the prophylactic 
use of IFN-a for patients with CML after allogeneic BMT at a high risk of relapse 
(advanced phase CML) might be effective in lowering the relapse rate. The defini- 
tive results of this study are still awaited. 



Multiple Myeloma 

Data concerning the use of IFN-a in treating MM patients have already been dis- 
cussed by H. Ludwig. With respect to BMT or PBSCT the main question to be an- 
swered is: Does consecutive maintenance therapy with IFN-a affect the outcome 
of BMT or PBSCT in myeloma patients? 

The results of some clinical trials support the assumption that maintenance 
therapy with IFN-a after conventional chemotherapy is effective in delaying pro- 
gression of the disease. There are several indications that the higher the degree 
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of remission, the more pronounced the effect of IFN-a. Therefore, it can be specu- 
lated that after high-dose chemotherapy and BMT or PBSCT the effect of a main- 
tenance therapy with IFN-a is even more marked because of the substantial re- 
duction in tumor burden. Relevant data concerning this issue only exist for 
autologous BMT or PBSCT. 

A British group performed a prospective randomized trial of maintenance 
therapy with IFN-a following autologous BMT in myeloma patients [6]. Eighty- 
four patients were included in the trial. High-dose chemotherapy consisted of 
melphalan 200 mg/m^ Patients were randomized to receive either IFN-a (3 x io‘ 
lU/m^ s.c. three times per week) or no further therapy. 

The median progression-free survival time in the IFN-a group was 39 months 
compared with 27 months in the control group (p < 0.025). The overall survival 
time was also significantly longer for the IFN-a group (p < 0.01). The effect of 
IFN-a maintenance therapy was even more prominent in the 62 patients who 
achieved a complete response (CR) after high-dose chemotherapy; 53% of the CR 
patients receiving IFN-a maintenance therapy were still in remission 4 years after 
high-dose therapy. However, for patients with a partial response (PR) or without 
response to high-dose chemotherapy IFN-a maintenance therapy was not effec- 
tive in delaying disease progression. Five patients stopped IFN-a therapy due to 
side effects which consisted mainly of influenza-like symptoms. 

A retrospective analysis by the Little Rock and the Seattle groups of 207 pa- 
tients following double autologous transplantation confirmed these results [7]. 
Event-free and overall survival times of patients receiving IFN-a therapy were sig- 
nificantly longer than those of the control group. 

A recently published report of the French Registry on autologous transplan- 
tation in multiple myeloma contained data on 133 patients [8]. Autologous BMT 
or PBSCT was performed after first remission induction in multiple myeloma. A 
CR or PR was achieved in 110 patients after transplantation. Of these patients 65 
received maintenance therapy with IFN-a (3x10® lU/m^ s.c. three times per week) 
for a median time of 17 months (range, 1.5-52.5). The median remission duration 
was 43 months in the IFN-a group compared with 30 months in the control group 
(p = 0.48). Considering only the 49 patients who achieved a CR after transplan- 
tation the median remission duration was 40 months for the IFN-a group and 
28 months for the control group (p = 0.1). The overall survival time did not differ 
in both groups. The authors assume that the number of CR-patients was too low 
in this study to reveal a significant difference in the overall survival time between 
the two patient groups. 

These results speak in favor of a maintenance therapy with IFN-a in all patients 
achieving a CR after autologous BMT or PBSCT. Progession-free survival times and 
probably also overall survival times of these patients can be prolonged significantly. 



Application of IFN-a for the induction of GVHD 
After Autologous BMT or PBSCT 

The relapse rate after autologous BMT is significantly higher than after alloge- 
neic BMT. It is generally believed that this is mainly due to the lack of a graft- 
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versus-leukemia effect (GVL). Many clinical studies have been published which 
show a close relation between GVHD and GVL. Therefore, it can be assumed that 
induction of GVHD after autologous BMT or PBSCT might induce GVL and 
decrease the relapse rate. The two drugs usually employed for induction of auto- 
logous GVHD are cyclosporine A (CsA) and IFN-a. 

The Detroit group performed a clinical trial to investigate the effect of IFN-a 
or CsA or a combination of both drugs on the induction of autologous GVHD [9]. 
They found that the application of IFN-a either alone or in combination with CsA 
induces autologous GVHD clinical grade 1-3 in all patients. IFN-a therapy was 
started on the day of BMT and continued for 28 days. The median day to the onset 
of clinical skin GVHD was 20 days (range, 5-27). The clinical GVHD severity did 
not differ between the patients who received IFN-a alone and those who received 
a combination of IFN-a and CsA. However, the incidence and severity of GVHD 
in patients receiving CsA alone was significantly lower. Due to toxicity, the maxi- 
mum dose of IFN-a tolerated was 1 x io‘ lU/day. Larger clinical trials are neces- 
sary to clarify whether autologous GVHD induces GVL and decreases the relapse 
rate after BMT or PBSCT. 



Summary 

1. Pretreatment with IFN-a for more than 12 months probably impairs the out- 
come of allogeneic BMT in some CML patients. Therefore, if an HLA compat- 
ible donor is available and allogeneic BMT or PBSCT is planned, the patient 
should not be pretreated with IFN-a. 

2. IFN-a is effective in the treatment of chronic phase relapse in CML patients 
after allogeneic BMT. Donor lymphocyte transfusions are even more effective, 
and may induce long-lasting remissions but the risk of severe toxicity is higher 
than with IFN-a treatment. A combination of IFN-a therapy and donor lym- 
phocyte transfusion is not beneficial. 

3. IFN-a maintenance therapy after autologous BMT or PBSCT for MM is effec- 
tive in prolonging DFS and probably also overall survival. 

4. IFN-a application starting on the day of BMT reliably induces autologous 
GVHD clinical grade 1-3. 
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CHAPTER 11 



Cutaneous Lymphomas: A Heterogeneous Group of 
Lymphoproliferative Disorders At Least in Part Sensitive to 
Interferon Treatment 

R. Dummer 



Definition 

Cutaneous lymphomas (CL) comprise a heterogeneous group of diseases that are 
characterized by a clonal accumulation of lymphocytes in the skin. Cutaneous 
lymphoproliferative disorders can present in the skin alone, in the skin and 
extracutaneous sites, or as extracutaneous disease with secondary skin involve- 
ment. In a strict sense, they are lymphoproliferative disorders primarily manifest- 
ing in the skin and being confined to the skin for ever or at least for many years 
[i]. Malignant lymphomas can originate from cells at any level of differentiation 
between stem cells and the peripheral differentiated B- or T-lymphocytes. There 
is growing evidence that a clonal disease may have different clinical and histo- 
logic features, depending not only on the time-point in the disease process, but 
also probably on the state of activation [2]. In many cases the histopathologic 
evaluation of biopsies maybe extended to include immunophenotyping (immu- 
nologic analysis of cellular antigen expression using antibodies) or immunogeno- 
typing (molecular analysis of antigen receptor genes). 



Epidemiology 

The few epidemiologic studies of cutaneous T-cell lymphomas (CTCL) are diffi- 
cult to interpret because of the splintering of various subtypes or stages. A pro- 
spective study suggested an incidence at least equal to that of Hodgkin 's disease 
[3]. Earlier studies reported an incidence of two new cases per milUon of the popu- 
lation per year in North America [4] and in Scandinavia [5]. Another study 
describes a doubling of the annual incidence of mycosis fungoides (ME) between 
1973 and 1984, from 1.9 to 4.2 cases per million [6] . For cutaneous B-cell lympho- 
mas (CBCL),the incidence is also not exactly known. However, it is estimated to 
be approximately 50% of that of CTCL [1]. 



Etiology and Pathogenesis 

The etiology and the exact steps in the pathogenesis of CL are not understood; 
indeed it is unknown whether there is a unifying pathogenesis at all. It is more 
reasonable to assume that these diseases represent the end-point of several 
developments that result in the clinical manifestation of a CL. The following fac- 
tors should be considered in the etiology of CL (and other lymphomas): 
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1. Genetic factors including chromosomal abnormalities. Some congenital dis- 
eases with chromosomal abnormalities such as Down 's syndrome or Bloom 's 
syndrome are associated with an increased risk of developing lymphoma/ 
leukemia. Some nodal lymphomas such as the nodal centroblastic/centrocytic 
(follicular) lymphomas are associated with the t(i4;i8) translocation and sub- 
sequent BCL-2 expression [7]. In CBCL, however, the t(i4;i8) translocation is 
rare [8] . In CTCL, chromosomal abnormalities occur regularly [9] but seem to 
be nonspecific. A limited genetic diathesis is suggested by the enhanced risk 
of CTCL in first degree relatives of CTCL patients [3]. In addition, an associa- 
tion of certain histocompatibility antigens has been reported [10]. 

2. Environmental factors [11]. Three case control studies have investigated the 
possibility of an environmental etiology for MR The first, in the USA, recorded 
a high incidence of allergies, and of fungal and viral infections and found that 
a high expected proportion of patients worked in the petrochemical, textile, 
metal, and machine industries [12]. A second study from Scotland failed to 
confirm these observations, but recorded a higher incidence than expected of 
atopic diathesis in MR patients [13]. The third study, from the USA, could not 
confirm an association between MR and occupational environmental, but 
noticed an increased rate of other malignancies including skin cancers [14]. 
Additional investigations clarified that the malignancies do not precede CTCL 
but instead are secondary malignancies [15]. The increased risk of secondary 
malignancies found in another study is probably due to disease-induced sys- 
temic immunosuppression [16, 17]. 

3. Infectious factors. Numerous studies have illustrated the impact of human 
T-cell lymphotropic virus-i (HILV-i) in the pathogenesis of CTCL. However, 
recent molecular studies using the advanced polymerase chain reaction tech- 
nique showed that this virus plays only a minor role in a small subgroup of 
CTCL. This is especially true in Europe [18]. An epidemiologic study did not 
find any evidence for a retroviral involvement in the pathogenesis of CTCL [15]. 
With regard to CBCL, there is strong evidence that Epstein-Barr-Virus is 
involved in the etiology of African Burkitt's lymphoma [19] but not in the 
etiology of CTCL or CBCL [20]. Some cases of low-grade malignant B-cell lym- 
phoma of the skin seem to be associated with chronic Borrelia burgdorferi 
infection [21]. 

4. Immunological factors. There is evidence that disturbances of immune surveil- 
lance by autoimmune diseases, chronic infections, or immunosuppression 
increase the risk of developing a lymphoma. The cytokine secretion pattern 
in CTCL is dominated by the cytokines interleukin(IL)-4 and IL-5 after mitogen 
stimulation. Using anti-Vbeta antibodies, we have identified the malignant 
T-cell clone in four Sezary syndrome (SS) patients. This allowed the purifica- 
tion and characterization of the malignant cells. Their phenotype is consist- 
ent with peripheral T-memory cells, and the transcription and secretion of 
cytokines is comparable to that of human T helper-2 cells (IL-5, IL-io and IL-i3). 
T-helper-2 cells stimulate immunoglobulin (Ig)E antibody production by IL-4 
and IL-13, activate eosinophils by IL-5 and inhibit macrophages, antigen pre- 
senting cells and T-helper-i T cells by IL-io [22]. Since T-helper-i cells are the 
principle effectors of cell-mediated immunity against tumor cells and delayed- 
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type hypersensitivity, it is an advantage for the malignant cells to switch the 
immune response of the host to a T-helper-2 type [22]. This switch was docu- 
mented by the cytokine transcription and secretion by reactive nonclonal 
T cells of one patient and the lack of IL-2 and interferon(IFN)-y transcription 
in nonsorted peripheral blood mononuclear cells of SS patients (data not 
shown). The dominance of the T-helper-2 cytokines, also observed by Vowels 
et al. [23], explains the well-known clinical phenomena in SS patients and other 
patients with CTCL such as 

a) reduced cutaneous delayed type hypersensitivity, 

b) hypereosinophilia, 

c) alterations in serum immunoglobulin levels (IgE, IgA), 

d) the increased risk of second malignancies, and 

e) immunological abnormalities of peripheral blood mononuclear cells, e.g., 
reduced natural killer (NK) cell activity and decreased mitogen-induced 
proliferation [24]. 



Cutaneous Involvement by Extracutaneous Lymphomas/Leukemias 

The specific infiltrates of extracutaneous lymphomas can present clinically with 
papular, nodular, tumorous, ulcerative or erythrodermic features. Specific lesions 
in Hodgkin ' s disease consist of small nodules, which may exhibit ulceration. Only 
a minority (less than 1%) of patients present with specific skin involvement [25, 
26]. The chronic lymphocytic leukemias (B-cell and T-cell type) are the non- 
Hodgkin's lymphomas that most commonly involve the skin. Up to 10% of 
patients suffering from chronic lymphocytic leukemia and approximately 8% of 
patients suffering from hairy cell leukemia develop specific skin lesions. Chronic 
lymphocytic B-cell leukemias and nodal B-cell lymphomas usually consist of 
small reddish nodules, while hairy cell leukemias manifest as erythematous 
macules or papules [27]. Chronic lymphocytic T-cell leukemias or other T-cell 
lymphomas may present with a diffose generalized erythroderma. 



Primary CL and Their Classification 

Primary CL comprise the largest group of extranodal non-Hodgkin 's lymphomas. 
They remain confined to the skin usually for many years. Nevertheless, like all lym- 
phomas, CL are systemic diseases with single tumor cells travelling throughout the 
body which have little tendency to home to etxtracutaneous organs [28]. 

Morphology still remains the basis for the classification of lymphoproliferative 
disorders for routine diagnostic purposes. In the last decade, the development of 
new techniques for cell identification such as immunophenotyping and immuno- 
genotyping has increased our knowledge of lymphocyte ontogeny and thus resulted 
in modifications of the classification. The most common classifications used today 
are the modified Kiel classification [29] and the Working Formulation [30]. 

The type of extranodal lymphomas, including CL, may depend on distinct tis- 
sue microenvironments; nevertheless, we are dealing with lymphoproliferative 
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disorders that are closely related to nodal lymphomas. Therefore, the classifica- 
tion given for cutaneous lymphomas in Table i [28] is derived from both the Kiel 
classification [29] and the Working Formulation [3o].Thelymphoproliferativeand 
related disorders listed have been described in several review articles and mono- 
graphs. Recently, a Revised European-American Lymphoma (REAL) classification 
has been proposed [31] which differentiates between three major categories of 



Table 1. Classification of primary cutaneous non-Hodgkin's lymphomas [28] 



T-cell lymphomas 

Lymphomas of precursor T-cells 
T-lymphoblastic lymphoma/leukemia” 

Lymphomas of peripheral T-cells 
T-chronic lymphocytic leukemia* 

Mycosis fungoides 
S^zary syndrome 

Pagetoid reticulosis, circumscribed, disseminated 
Pleomorphic T-cell lymphoma, HTLV-I +, small, medium, large 
Immunoblastic lymphoma, T-cell type (Ki-l-t) 

Large cell anaplastic lymphoma, T-cell type (Ki-1+) 

B-cell lymphomas 

B-chronic lymphocytic leukemia* 

Lymphoplasmocytoid immunocytoma 
Plasmacytoma 

Centroblastic/centrocytic lymphoma 
Skin associated lymphoid tissue lymphoma 
Centrocytic (mantle cell) lymphoma 
Immunoblastic lymphoma 
Burkitt's lymphoma 

Other distinct forms of lymphoproliferative disorders 

Granulomatous slack skin/mycosis fungoides [85] 

Lymphoepitheloid lymphoma (Lennert)* 

Midline granuloma* 

Lymphomatoid papulosis [34] 

Systemic angioendotheliomatosis (angiotropic lymphoma; B > T) [86] 
Lymphomatoid granulomatosis (Liebow)*; angiocentric, angiodestructive 
Angiolymphoid hyperplasia with eosinophilia (Kimura) 
Syringolymphoid hyperplasia with alopecia [87] 

Subcutaneous (lipotropic) T-cell lymphomas [88] 

Sinushistiocytosis with massive lymphadenopathy (Rosai-Dorfman)* 
Peripheral T-cell lymphoma of the AILD-type 
T-cell rich large B-cell lymphoma [89] 

B-cell rich T-cell lymphoma 

Large cell lymphoma of the multilobated cell type (B/T) 

T-cell lymphoma expressing delta-TCR [90] 

CD4-^ CD56-H cutaneous lymphoma with undetermined genotype [91] 



AILD, angioimmunoblastic lymphadenopathy with dysproteinemia; TCR, T-cell receptor. 
* Usually secondary skin involvement. 
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lymphoid malignancies: B-cell, T-cell, and Hodgkin 's disease. Within these three 
groups, three general categories were proposed: definite, provisional, and 
unclassifiable. In this classification scheme MF and SS appear as a distinct group 
within the category of peripheral T-cell and NK cell neoplasms; other nosologic 
entities of CL are not listed. 



Cutaneous T-Cell Lymphomas 

CTCL represent the largest proportion (65 %) of all CL. Besides the classical MF 
which is characterized clinically by patches, plagues and tumors in the fully 
developed stage (Fig. 1), there are erythrodermic SS and circumscribed (paget- 
oid reticulosis, pleomorphic CTCL) clinical variants. From a cytomorphologic 
point of view, these forms belong to the small cerebriform or pleomorphic cell 
type, and are usually associated with a good prognosis; the pleomorphic medium 
and large cell lymphomas (HTLV-i positive or negative) as well as the large 



Fig. 1 . Typical clinical 
presentation of a cutaneous 
T-cell lymphoma (mycosis 
fungoides, advanced stage); 
flat patches, indurated 
plaques, mucinosis 
follicularis, and tumors 
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immunoblastic CL usually exhibit a rapid and aggressive course. Primary large 
cell anaplastic lymphoma (Ki-i positive) is different from secondary skin involve- 
ment in primary nodal Ki-i lymphoma and, usually has a good prognosis despite 
its cytomorphologic relationship to the group of high-grade malignant lympho- 
mas. 

From a viewpoint integrating molecular biology, histology and clinical features, 
CTCL include a spectrum of clonal T-cell accumulations in the skin from clini- 
cally benign and possibly prelymphomatous diseases, e.g., clonal dermatitis [32] , 
small plaque parapsoriasis (“abortive lymphoma”) [33], and lymphomatoid 
papulosis (“latent lymphoma”) [34] to definite aggressive lymphomas, e.g., MF 
after transformation into high-grade lymphoma [32]. 



Cutaneous B-Cell Lymphomas 

CBCL comprise about 25% of cutaneous lymphomas, whereas in lymph nodes 
they are much more frequent than T-cell lymphomas. The head and neck area, for 
some unknown reason, seems to be preferentially involved, resulting in deep red 
tumors which may give rise to leonine facies [1]. The tumors are usually firm with 
a smooth surface without scaling or ulceration (Fig. 2), and no eczematous 
“prelymphomatous” stage as occurs in CTCL is seen. Unlike CTCL, CBCL subtypes 
cannot be differentiated on the basis of their clinical morphology. The enlarge- 
ment of peripheral lymph nodes that occurs early in the course of the disease, if 
at all, indicates neoplastic infiltration rather than dermatopathic lymphadenopa- 
thy as observed frequently in CTCL. 

The most frequent subtypes of CBCL are derived from follicular center cells 
and represent about 4o%-45% of all CBCL. Most of them have an excellent prog- 
nosis, with survival times exceeding that with CTCL, and therefore may be referred 
to as semimalignant CBCL [35]. 




Fig. 2. Typical clinical 
presentation of cutaneous 
B-cell lymphoma (centro- 
blastic): a firm red tumor in 
^ the scalp 
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There is increasing evidence that some, if not all “follicular” CBCL - except B. 
burgdorferi-indaced pseudolymphomas - correspond to mantle cell or to mar- 
ginal zone lymphomas [36-38]. 



Management of Cutaneous T-cell Lymphoma 

Staging 

The initial staging workup for patients with CTCL has to define the stage of the 
disease (see Table 2) by mapping the nature and type of lesions, by making a histo- 
logic diagnosis, and, if there are palpable lymph nodes, by performing a lymph 
node biopsy and examining the clonal rearrangement of the T-cell receptor (TCR) 
gene by Southern blot analysis. The peripheral blood should be screened for 
mononuclear cells with aberrant T-cell antigen expression and for TCR-gene 
rearrangements. A computed tomography (CT)-scan or ultrasound of the abdo- 
men and pelvis should be performed to check for lymphadenopathy. Routine 
biopsy of bone marrow and other visceral organs is not warranted if lymph node 
and blood are negative for tumor cells [39]. 



Table 2. Staging-classification for CTCL [92] 



Stage 


V 


Nb 


M‘ 


la 


1 


0 


0 


Ib 


2 


0 


0 


Ila 


1,2 


1 


0 


Ilb 


3 


0,1 


0 


III 


4 


0,1 


0 


IVa 


1-4 


2,3 


0 


IVb 


1-4 


0-3 


1 



* Tl: limited lesions covering less than 10% of the skin surface; T2: generalized lesions cover- 
ing 10% and more of the skin surface; T3: tumors, one or more; T4: generalized erythroderma. 
NO; no palpable lymph nodes, pathology negative for CTCL; Nl: palpable peripheral lymph 
nodes, pathology negative for CTCL; N2: no palpable peripheral lymph nodes, pathology 
positive for CTCL; N3; palpable peripheral lymph nodes, pathology positive for CTCL. 

‘ MO: no involvement of visceral organs; Ml: involvement of visceral organs. 



Stage-Adapted Therapy 

Since an early aggressive treatment of CTCL does not improve the long-term 
disease- free period [40], a stage adapted therapy is currently recommended. The 
patients are usually staged by the TNM system (see Table 2).The choice of treat- 
ment modality depends on the extent and the aggressiveness of CTCL (low- or 
high-grade lymphoma), the age of the patient, the presence of concurrent disease, 
the availability of treatment techniques and the patient 's compliance. The follow- 
ing suggestions for treatment are based on published data [41]; 
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1. Stage la (patches and plaques, <10% of the skin surface). Nonaggressive therapy 
with generalized topical nitrogen mustard (HNz.mechlorethamine) is recom- 
mended. If this is not tolerated, psoralen with UVA (PUVA) or retinoids with 
PUYA (Re-PUYA), or topical carmustine (BCNU) may be used. If disease 
progresses, total skin electron beam therapy (TSEB), PUYA with interferon-a 
(IFN-a) or retinoids with IFN-a is recommended. 

2. Stage Ib and Ila (> 10% of the skin surface; generalized patches and plagues 
without involvement of lymph nodes). For chronic disease, the same therapy 
as outlined for stage la is recommended. For rapidly progressive disease with 
thick plaques, TSEB with optional follow-up therapy using topical HNz or 
PUYA to maintain remission is proposed. If the disease is refractory to this 
treatment, the additional administration of systemic drugs such as IFN-a, 
retinoids, chlorambucil, or methotrexate is advised. 

3. Stage Ilb (additional tumors). The proposed treatment is either PUYA with 
IFN-a or retinoids with IFN-a or TSEB with a boost irradiation of tumors and 
optional follow-up topical therapies to maintain response . If the disease 
progresses systemic chemotherapy is suggested. Established therapy schemes 
include MOPP (mechlorethamine, vincristine, procarbazine, prednisone), 
COPP (cyclophosphamide, vincristine, procarbazine, prednisone) and GYP 
(cyclophosphamide, vincristine, prednisone). 

4 . Stage III (generalized erythroderma without lymph node involvement; S^zary 
syndrome, with circulating atypical cells and lymphadenopathy). The suggested 
therapy is photopheresis, and if the disease progresses, methotrexate or IFN-a 
in combination with retinoids should be additionally administered. If the disease 
progresses even further, palliative PUYA, topical HNz, or TSEB, or alternatively, 
systemic chemotherapy together with IFN-a and retinoids is recommended. 

5. Stage lYa (additional lymph node involvement). Palliative treatment with IFN-a 
and systemic polychemotherapy in cooperation with hemato-oncologists is 
suggested. In addition, local irradiation of local symptomatic disease should 
be performed. Alternatively, photopheresis (results are not promising if lymph 
nodes are involved) or treatment with retinoids is suggested. 

6. Stage lYb (additional visceral organ involvement). At this stage of the disease, 
a palliative treatment using systemic chemotherapy, interferons, retinoids, or 
experimental protocols is recommended. 



Results of Recommended Therapies 
Mechlorethamine Hydrochloride 

The external mechlorethamine hydrochloride (HN2) modality is the first choice 
of many treatment centers in the USA, but is rarely used in Europe except Scan- 
dinavia (reviewed in [42]). 

Yonderheid [43] reported for 324 patients an 80% complete response (CR) in 
stage la, a 68% CR in stage Ib, a 61% CR in stage Ila, a 49% response in stage lib 
and a 60% CR in stage III. In 34% of patients the CR lasted for more than 4 years 
and in 10.5% for more than 8 years . 
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Carmustine 

Carmustine (BCNU) is an alternative cytostatic drug to HN2 for local therapy. 
Zackheim [44] reported for 143 patients an 86% CR for stage la, a 47% CR for stage 
Ib, a 55% CR for stage Ila, but only 17% CR for stage Ilb, 21% CR for stage III and 
no remission for stage IV. The median time to CR was 11.5 weeks, in 18% of patients 
CR lasted for more than 5 years. These results are comparable to those achieved 
with HN2 or psoralen-UVA (PUVA). 

Psoralen-UVA 

Roenigk [45] treated 82 patients with PUVA (oral 8-methoxypsoralen, oxoralen, 
5-methoxypsoralen in combination with UVA). CR was achieved in 88% of 
patients in limited plaque stage (Ti), 51% CR for extensive plaque disease (T2) and 
no remission in tumor stage patients. CR lasted, in the case of limited plaque stage, 
for a median duration of 13 months, and in the case of extensive plaque, for 11 
months. Honigsmann and Wolff reported a 55.6% CR for stage la and a 38.5% CR 
for stage Ib lasting up to 44 months [46]. 

Interferon 

The use of systemic IFN-a-2a was first reported by Bunn et al. (reviewed in [47])- 
With high doses (50 x 10® U/m^ i.m. three times per week) of IFN-a-2a, nine of 
20 patients (refractory to other therapies) responded, with three CR and six par- 
tial responses (PR). The median duration was 5.5 months. Severe side effects (flu- 
like symptoms, anorexia, weight loss, mental confusion, or depression) led to dose 
reduction in all cases. In later studies the IFN-a-2a dose was reduced to 3-36 x 
10* U per day with no worse results [48]. The overall response rate was 60%, there 
was CR in 19% [47]. Today IFN-a can be used in low nontoxic dosages of 3-9 X 
10® U 3 days/week. In our opinion it is reasonable to combine it with other drugs 
such as retinoids [49,50] or PUVA [45]. One of the problems arising during IFN 
therapies is the occurrence of anti-IFN antibodies (IFN-ab). It is unclear how the 
incidence and induction of IFN-ab is related to the administration, dose and 
schedule of IFN and/or to the combination with other agents used to support IFN 
therapy (i.e., other cytokines [51], cytostatics, radiation [52] or retinoids). 

We investigated the incidence of neutralizing and binding IFN-ab and analysed 
their relationship to clinical and immunologic parameters during treatment of 
CTCL patients. Seventeen CTCL patients were treated with 3 MU IFN-a-2a admin- 
istered three times weekly subcutaneously and combined either with retinoids 
(Tigason; 0.5 mg/kg bodyweight daily) or with 5-methoxypsoralen (1.2 mg/kg 
bodyweight) and UVA radiation (three times weekly). Prior to and during treat- 
ment we monitored stage, skin involvement by a tumor burden index, serum levels 
of p2-microglobulin, neopterin, binding and neutralizing IFN-ab, IL-6, soluble IL-2 
receptors (sIL-zr), and the CD4/CD8 ratio of peripheral blood mononuclear cells. 

We observed two CR, two PR, and six minor responses, four patients with 
stable disease, and three patients with progressive disease. Forty-one percent 
of the patients developed binding IFN-ab; only 11% had neutralizing IFN-ab 
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which were associated with high titers of binding IFN-ab. IFN-ab production 
was more frequent in patients with normal CD4/CD8 ratios and a high tumor 
burden index, and tended to be more frequent in PUVA cotreated patients than 
in retinoid-cotreated patients. Responses were more frequently seen in IFN-ab- 
negative patients. We conclude from our data that with PUVA and retinoid com- 
bined IFN therapies, patients develop IFN-ab. Binding as well as neutralizing 
IFN-ab have an impact on the treatment success in CTCL patients (manuscript 
in preparation). 

IFN-y was used in 16 advanced-stage patients, but only five achieved a PR. 
Severe side effects included fever, weight loss and neutropenia [53]. 

Retinoids 

Treatment with retinoids resulted in a remission rate of 69% in 16 erythrodermic 
patients. Some patients had progressive disease and the side effects were severe. 
Comparing etretinate (Tigason), acitretin (Neotigason),and 13-cis-retinoic acid 
(Roaccutan), the latter gave the best results, using 1 mg/kg per day [54, 55]. Best 
results were achieved with a combination of retinoids and either PUVA (Re-PUVA) 
or IFN-a (reviewed in [41,42]). 

IFN-a in Combination with Retinoids 

Many studies have evaluated the use of a combination of IFN and retinoids 
including 13-cis retinoic acid and etretinate. The response rate among 102 pa- 
tients in seven studies was 60% and a CR occurred in 11%. These response rates 
are very similar to those observed with IFN alone (reviewed in [41]). We have 
recently published a report on a patient with MF, stage Ilb, who had progres- 
sive disease after treatment with PUVA and chemotherapy. She was subsequently 
treated with IFN-a (3 MU subcutaneously three times/week) in combination 
with acitretin (0.5 mg/kg per day) and radiotherapy of a few tumors. After six 
weeks she achieved a CR [56]. 

IFN-a in Combination with PUVA 

Kuzel et al. [57] reported 14 responses among 15 patients (93%) and 12 CR (80%) 
which where histologically confirmed by serial skin biopsies. The subcutaneous 
administration of low-dose IFN-a (3 MU three times a week or every other day) 
seems to be as good as higher doses. Whether the IFN should be continued for 1, 
2, or 3 years or longer is uncertain. Most trials limit the duration of PUVA to 
roughly 1 year because of its potential to induce skin cancers. In our opinion IFN-a 
in combination with retinoids, especially if there is increased epidermal prolif- 
eration [56], or with PUVA is the preferred first-line treatment for CTCL at stages 
Ib-IIb. The current randomized trial of the cutaneous lymphoma group of the 
EORTC (European Organisation for Research and Treatment of Cancer) compares 
IFN-a-2a (9 x 10* U three days per week) combined with either retinoids or PUVA. 
There seem to be more responses in the PUVA-treated group (Stadler et al., per- 
sonal communication). 
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Total Skin Irradiation 

Hoppe reported on 192 patients treated with high-dose (TSEB) therapy (> 2000 cGy, 
with a better survival rate for patients treated > 3000 cGy). They achieved 98% CR 
in stage la (Ti), 71% CR in stage Ib and Ila (T2), but only 36% CR in lib (T3), and 
64% in stage III (T4). Fifty percent of patients with Ti.but only 20% with T2 stayed 
in CR for over 10 years. Jones et al. [58] achieved similar results with 25 patients. 
Recently Micaily et al. (reviewed in [41]) reported the use of combined TSEB radia- 
tion and total nodal irradiation for CTCL treatment. They noted an increase in dis- 
ease-free survival time but not in the overall survival rate when compared to TSEB 
alone. Because of the relapse rate, adjuvant topical therapy (HN2 or PUVA) has been 
recommended after completion of TSEB. At Yale University, 164 patients were evalu- 
ated who received TSEB and, after CR, adjuvant chemotherapy with doxorubicin/ 
cyclophosphamide or photopheresis. Neither systemic chemotherapy nor photo- 
pheresis were found to delay cutaneous relapse (reviewed in [41, 59]). 

Systemic Chemotherapy 

Chemotherapy is used in advanced CTCL for palliation; however up to now no effect 
on survival rates has been shown. In addition the risk of infectious complications 
is increased in CTCL patients. Single agent and combination chemotherapies have 
been extensively reviewed [41, 42] . The agents covered are mechlorethamine, cyclo- 
phosphamide, chlorambucil, methotrexate (MTX), cisplatin, doxorubicin, VP16, 
VM26, fludarabine phosphate, and 2'-deoxycoformycin (pentostatin). The CR and 
PR rate was 6o%-70%, the CR rate i5%-25% with a median duration of 6 months. 
McDonald and Bertino (1978) received a significantly higher CR using MTX (1-5 
mg/kg, i.v.) followed by oral citrovorum factor. Remissions of 6-30 months were 
maintained with low to intermediate doses of oral MTX weekly. Zakem et al.(i986) 
reported a CR with a duration of more than 19 months in seven of ten patients in 
an advanced stage of CTCL treated with a combination of bleomycin, doxorubicin, 
methotrexate, and topical nitrogen mustard (BAM-M). They also reported a CR in 
three younger patients in stage IV who had undergone splenectomy. In this case the 
CR lasted for more than 3 years (reviewed in [41, 42]). 



Results from Experimental Therapies 

New approaches to CTCL therapy take advantage of the progress in our under- 
standing of the immune biology of CL. 

Murine Monoclonal Antibodies and Fusion Toxins 

Murine monoclonal antibodies conjugated with radioisotopes or toxins have been 
found to decrease lymph node involvement and the number of Sezary cells, but 
only transiently. Problems associated with this therapy include the rapid modu- 
lation and downregulation of the expression of the target antigen and the pro- 
duction of human antimouse antibodies. A multicenter phase III study with the 




158 



R. Dummer 



second generation IL-2 fusion toxin DAB389IL2 [60] will commence this year (for 
a review, see [61]). 

Photopheresis 

With this therapy the patients ingest 0.4-0.6 mg 8-methoxypsoralen/kg.Two hours 
later, the patient 's peripheral blood leukocytes are extracorporally photoinactivated 
by UVA light. Photopheresis is recommended for the erythrodermic stage 111 of 
CTCL. Ideal candidates possess near normal immune competence with a normal 
CD4/CD8 ratio, modest numbers of circulating S^zary cells (io%-30%), and no 
specific lymph node involvement. Relative contraindications are bulky lymphad- 
enopathy and extensive visceral organ disease. Consistent results with this therapy 
have been reported with 25% CR and 50% PR . Photopheresis can be successfully 
combined with oral low-dose MTX or IFN-a [59, 62-64]. 

Hexadecylphosphocholine 

Hexadecylphosphocholine is a new antineoplastic drug that inhibits cell growth 
directly [65] and, in addition, might exert immunoregulatory effects [66]. It has been 
used successfully for the treatment of cutaneous metastases of breast cancer [67]. We 
have reported on a phase I/ll study of patients with CTCL or CBCL. The overall re- 
sponse rate was approximately 50%. Patients with superficial lesions responded best, 
probably because of the limited penetration of the externally applied solution [68]. 

Cyclosporine 

Cyclosporine A is a potent immunosuppressive drug which inhibits the transcrip- 
tion of the IL-2 and IL-2 receptor genes and other genes relevant for T-cell activa- 
tion. In 1980 Edelson suggested that IL-2 is an autocrine growth factor for CTCL. 
Therefore it was considered reasonable to use this drug for therapy; however, the 
response rate was poor. In a recently reported study two of 11 patients responded 
to cyclosporine therapy, but relapsed shortly after treatment was stopped [69]. 
Severe side effects include nephrotoxicity, hypertension, hepatic dysfunction, throm- 
bocytopenic purpura, hemolytic anemia, and induction of secondary carcinoma. 
Hence, this drug is not an appropriate treatment option for CTCL, especially since 
it has been reported that it might even accelerate the course of the disease [70]. 

2 '-Deoxycoformycin, Fludarabine and 2-Chlorodeoxyadenosine 

2'-Deoxycoformycin, fludarabine, and 2-chlorodeoxyadenosine are recently 
developed purine analogs which inhibit adenosine deaminase and have been used 
to treat refractory CTCL. Remissions were observed in 50% of the patients treated; 
however, some patients developed life-threatening infections. Fludarabine was 
used with 31 patients with the overall response rate of 19% [71]. 2-Chlorodeoxy- 
adenosine was used with 15 patients with CTCL involving the skin. There was an 
overall response in three of eight patients with MF histology and in four of seven 
patients with non-MF histology (reviewed in [41]). 
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Autologous Bone Marrow Transplantation 

In an initial limited pilot study [72] six patients underwent an autologous bone 
marrow transplantation (ABMT). Their risk of developing life-threatening infec- 
tions did not increase, but only two patients were alive without disease 1 year after 
transplantation. 

Interleukin-2 

The discovery of T-cell growth factor, later renamed IL-2, enabled the growth of 
T-lymphocytes in culture for the first time [73]. IL-2 is a glycoprotein synthesized 
and secreted by activated T-lymphocytes. It stimulates the proliferation of acti- 
vated T-cells by binding to specific high-affmity IL-2 receptors which are not 
expressed on resting T-cells [74]. In addition to being an essential growth factor 
for T-cells, IL-2 has also been shown to induce T-lymphocyte cytotoxicity and to 
augment the activity of NK cells. IL-2 also induces the growth of tumor-specific 
cy totoxic T-cells [75] . Furthermore, activated B-cells expressing the IL-2 receptor 
p-chain may be induced by IL-2 to differentiate. Speculations about the involve- 
ment of IL-2 as an autocrine growth factor in the pathogenesis of CTCL have 
prohibited clinical trials for this indication. However, during the last few years it 
has become clear that most CTCL are T-helper-2 neoplasias [23, 24, 76-78] that 
do not depend on IL-2 but rather on other cytokines such as IL-10 or IL-7 [79]. 
Therefore, it seems to be reasonable to use cytokines which stimulate T-helper-i 
cells such as IL-2 or IL- 12 [80]; preliminary results suggest that IL-2 can induce 
remissions in CTCL patients [81]. 



Management of Cutaneous B-cell Lymphoma 

Staging 

The initial staging workup for patients with CBCL has to include mapping of the 
skin lesion and define histologic diagnosis. Extracutaneous disease must be 
excluded by a lymph node biopsy with Southern blot analysis if there are palpa- 
ble lymph nodes. The peripheral blood should be screened for malignant cells. A 
computed tomography scan or ultrasound of the abdomen and pelvis should be 
performed to examine for lymph node enlargement. In the initial staging, we 
recommend a biopsy of bone marrow. 



Treatment of CBCL 

Appropriate treatment of CBCL depends on the results of the staging proce- 
dures. Pseudolymphomatous CBCL sometimes responds to systemic or intra- 
lesional steroids combined with systemic antibiotic therapy. If several skin 
lesions are present, PUVA therapy is an another possible approach for slowly 
growing or stationary CBCL. If extracutaneous involvement is excluded, radio- 
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therapy or if feasible, excision of the lesion are the preferred first-line treatment 
modalities [37, 82]. The recommended doses for the soft X-ray therapy of cuta- 
neous lymphomas (B- or T-cell) are 600-1400 cGy with a voltage of 20-50 kV 
depending on the infiltration depth of the lymphoma. The dose should be 
fractionated in 3-7 radiations every 3-4 days [83]. If a larger skin area with an 
irregular treatment surface is involved, electron beam therapy is preferred to 
soft X-ray therapy. 

In advanced stages, chemotherapy maybe indicated. Most polychemotherapy 
regimens including CHOP (cyclophosphamide, doxorubicin, vincristine, pred- 
nisone with or without bleomycin), CVP, or ACVD (doxorubicin, cyclophospha- 
mide, vindesine, bleomycin, prednisone) are able to induce complete remissions 
in CBCL patients [84] . However, in discussing treatment options, one has to keep 
in mind that up to now, even aggressive treatment has not been found to increase 
the duration of survival of these patients. 
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CHAPTER 12 



Current Therapy Strategies for Malignant Melanoma with 
Special Regard to Immunotherapy with Cytokines 

W. Tilgen, S. Seiter, and K. Uhl 



Epidemiology 

Each part of the complex structure of the human skin and skin appendages can 
be the origin of a malignant tumor. Primary cutaneous malignant melanoma 
(MM) develops as a result of neoplastic transformation of melanocytes either in 
or near a precursor lesion, e.g., a nevus, or de novo in normal skin. MM is one of 
the most dangerous malignant tumors in general and the most common reason 
for the death of patients with a cutaneous neoplasia [1-5]. MM is a relatively un- 
common cancer accounting for from less than 1% up to 10% of all cancers (in 
Germany, 1.5-2%). In 2% of the patients, cutaneous melanoma occurs under the 
age of 20 and in o.3%-o.4% it occurs before puperty [6] . This tumor is quite com- 
mon among the white population whereas it is relatively rare in Blacks or Asians. 
Over the past decades, its incidence has increased faster than that of any other 
cancer except for lung cancer in women. The incidence of cutaneous melanoma 
varies over loo-fold around the world: as low as 0.2 per 100 000 inhabitants in 
parts of Japan or India and up to nearly 60 per 100 000 people per year among 
the white population in Queensland, Australia (in Germany the incidence is about 
about 10/100 000). According to data of the American Cancer Society from 1995, 
34 100 cases of melanoma are diagnosed and 7200 deaths result from MM each 
year. The lifetime risk for an individual to develop a MM has increased dramati- 
cally over the last decades: only one in 1500 people born in the year 1935 but in 
75-100 people born in the year 2000 will develop a cutaneous melanoma. How- 
ever, there is a positive trend with respect to the 5-year survival rate which was 
as low as 41% in 1940 and increased to 83% in 1980 [7-n]- 



Etiopathology 

There is only circumstantial evidence for the causal role of most factors reported 
to influence MM development. Research has focused on endogenous (genetic, 
endocrine, and immunological factors) and exogenous (ultraviolet radiation, 
oncogenic viruses, and chemical carcinogens) key processes. Individual suscep- 
tibility for the development of melanoma is mainly determined by two important 
factors: ultraviolet (UV) light exposure and the pigmentary system. The pheno- 
type which confers susceptibility to melanoma is a fair complexion which tans 
poorly and sunburns easily. UVR exposure which is a risk factor for the develop- 
ment of MM may be estimated in two ways [16]: either as the cumulative total 
lifetime exposure to sunlight, which may only be responsible for lentigo MM 
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(LMM) since melanoma patients as a whole are not elderly individuals, or the 
amount of intense intermittent sun exposure in early life, which seems to be an 
important factor in the development of nevi, superficial spreading melanoma 
(SSM) and nodular melanoma (NM).Histopathological and clinical observations 
such as spontaneous regression of MM or even metastatic lesions and the aggres- 
sive course of MM in AIDS patients or immunosuppressed transplant recipients 
seem to stress the causal role of immunological factors in MM [12-18]. 



Diagnostic Criteria and Staging 

Signs and Symptoms 

Even though melanoma can occur on any part of the body, it is mainly found in 
two areas: in persons aged 50-55 years, SSM (frequency of about 60%) and NM 
(frequency of about 20%) are either found on the lower extremities in women or 
on the trunk in men; in older patients about 70% of the LMMs (frequency of about 
10%) are diagnosed in the head and neck region and acral-lentiginous melanoma 
(ALM; frequency of about 5%) on the hand and foot. To prevent the development 
of MM people at risk must be identified and introduced to screening programs. 
In addition to noting the type of melanoma precursor lesion, such as congenital 
nevi, atypical (dysplastic) nevi, and lentigo maligna, changes and irregularities 
in shape, size or color of a lesion which are characteristic for early melanoma must 
also be noted. In order to provide a guideline for the identification of clinically 
suspicious lesions the so-called A-B-C-D-rule was developed which describes 
asymmetry, border irregularity, colour variegation, and diameter > 6 mm [19,20]. 



Staging Systems 

Two methods have been widely used for the microstaging and clinical manage- 
ment of MM: Breslow introduced the measurement of tumor thickness; Clark and 
colleagues categorized levels of invasion that reflect the increasing depth of tumor 
penetration into dermal layers and the subcutaneous tissue. 

Various different clinical staging systems exist [21-23]. Due to some unfortu- 
nate recommendations, the official Union Internationale Contre le Cancer (UICC) 
TNM/pTNM Staging System is not fully accepted (Tables 1 and 2). The modified 
classification proposed by the German Dermatological Society is given in Table 3. 
The four-stage systems have been shown to be predictive of survival rates in pa- 
tients with MM. 

As the risk for metastatic disease in melanoma patients is multifactorial, it is 
essential to identiiy prognostic factors. The clinicd stage of the disease, gender 
(women generally have a better prognosis than men), location of the primary 
tumor (upper back, neck and scalp are unfavorable), and the histological staging 
of the tumor assessed according to Breslow and Clark proved to be most impor- 
tant for a patient's prognosis. A multivariate analysis proved that these factors 
are independent variables [19, 24]. 
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Table 1 . The UICC pTNM staging system ( 1 987) 



pT - Primary tumor* 

pTX: Primary tumor cannot be assessed 
pTO; No evidence of primary tumor 

pTis: Melanoma in situ (atypical melanocytic hyperplasia, severe melanocytic dysplasia), 
not an invasive lesion (Clark's level 1) 

pTl: Tumor 0.75 mm or less in thickness and invades the papillary dermis (Clark's level 2) 
pT2: Tumor more than 0.75 mm but not more than 1.5 mm in thickness and/or invades 
the papillary-reticular dermal interface (Clark's level 3) 
pT3: Tumor more than 1.5 mm but not more than 4 mm in thickness and/or invades the 
reticular dermis (Clark's level 4) 

pT3a: Tumor more than 1.5 mm but not more than 3 mm in thickness 
pT3b: Tumor more than 3 mm but not more than 4 mm in thickness 
pT4; Tumor more than 4 mm in thickness and/or invades the subcutaneous tissue 
(Clark's level 5) and/or satellite(s) within 2 cm of the primary tumor 
pT4a: Tumor more than 4 mm in thickness and/or invades the subcutaneous tissue 
pT4b: Satellite(s) within 2 cm of the primary tumor 

N - Regional lymph nodes 

NX: Regional lymph nodes cannot be assessed 
NO: No regional lymph node metastasis 

Nl: Metastasis 3 cm or less in greatest dimension in any regional lymph node(s) 

N2: Metastasis more than 3 cm in greatest dimension in any regional lymph node(s) and/ 
or in-transit metastasis* 

N2a: Metastasis more than 3 cm in greatest dimension in any regional lymph node(s) 
N2b: In-transit metastasis 
N2c: Both N2a and N2b 

M - Distant metastasis 

MX: Presence of distant metastasis cannot be assessed 
MO: No distant metastasis 
Ml: Distant metastasis 

Mia: Metastasis in skin or subcutaneous tissue or lymph node(s) beyond the regional 
lymph nodes 
Mlb: Visceral metastasis 



* Satellitosis or subcutaneous nodules more than 2 cm from the primary tumor but not beyond 
the regional lymph nodes are considered lymphatic or in-transit metastasis. 



Table 2. The UICC four-stage classification system (1987) 



Stage I 


pTl 


NO 


MO 




pT2 


NO 


MO 


Stage 11 


pT3 


NO 


MO 


Stage III 


pT4 


NO 


MO 




any pT 


N1,N2 


MO 


Stage IV 


any pT 


any N 


Ml 
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Table 3. Stage-dependent prognosis of malignant melanoma calculated from the German Der- 



matological Society staging system [23] 


Clinical stage 


Primary tumor 


Regional lymph nodes 


Metastasis 


10-year-survival (%) 


Stage la 


pTl 

(< 0.75 mm) 


NO 


MO 


97 


Stage lb 


pT2 

(0.76-1.5 mm) 


NO 


MO 


90 


Stage 11 


pT3 

(1.51-4.0 mm) 


NO 


MO 


67 


Stage 11b 


pT4 

(> 4.0 mm) 


NO 


M 


43 


Stage 111a 


pTa, pTb“ 


NO 


MO 


28 


Stage mb 


every pT 


N1,N2 


MO 


19 


Stage IV 


every pT 


every N 


Ml 


3 



* Satellitosis is classified as pTa, in-transit metastasis as pTb. 



Patient Care and Diagnosis of Metastastic Melanoma 

Since about 90% of metastases occur in the first 5 years after diagnosis of a primary 
tumor, follow-up examinations are recommended every 3-6 months. Due to the fact 
that late metastatic disease is not uncommon, follow-up should be done for 10 years 
once to twice a year. These examinations should include blood testing, chest X-rays, 
and an ultrasound scan of lymph nodes and abdomen. In patients with a high-risk 
primary melanoma (Breslow thickness of 3 mm or more) a computed tomography 
(CT) scan of the brain and a bone scan can be indicated [25]. 



Therapy Modalities 

The type of treatment selected for MM depends mainly on the stage of the disease 
and is administered either in an adjuvant or palliative setting. The four treatment 
strategies available are surgery with or without adjuvant therapy, radiotherapy, 
chemotherapy, and immunotherapy. In the last couple of years, multimodality 
treatment concepts combining cytotoxic and immunomodulating agents have 
been applied [26-38]. 



Operative Therapy 

Curative Operative Therapy for Primary Tumors of the Skin 

The therapy of choice for MM of the skin is the excision of the tumor in sano. Wide 
excisions with a 5-cm safety margin which were proposed for a long time are no 




Current Therapy Strategies for Malignant Melanoma 



169 



longer considered necessary. The following safety margins are currently recom- 
mended for excision of melanoma: melanoma in situ, 0.5 cm; melanoma of less 
than 1 mm in thickness, 1 cm; melanoma of 1-4 mm, 2 cm; melanoma of > 4 mm, 
3 cm. The German Dermatological Society recommends a i-cm margin for lesions 
less than 1 mm thick and a 3-cm margin for lesions thicker than 1 mm. This type 
of excision results in improved quality of life for the patient [39-41]. 

Adjuvant Elective Lymph Node Dissection 

Prophylactic regional lymph node dissection for patients without palpable lymph 
nodes has been debated for several decades and is still controversal. A retrospec- 
tive multicenter study including more than 3600 patients revealed that certain 
patient populations (tumor thickness > 1.5 or > 2.5 mm depending on the loca- 
tion of the primary tumor for male and more than 2.5-4 mm for female patients) 
could benefit from prophylactic regional lymph node dissection by increasing 
their 5-year survival rates [42-43]. 

Palliative Operative Therapy 

Cryo-/laser therapy of multiple cutaneous metastases, clinically the most com- 
mon location of melanoma metastases, can in some patients result in long-last- 
ing complete remissions. Decisions for palliative surgery have to be based on the 
individual situation. Depending on the accessibility of the metastases, the 
patient ' s performance status, and the anticipated life expectancy, surgical therapy 
for lymph node or visceral metastases is usually performed to reduce tumor mass 
and^r to confirm the diagnosis. Complete resection can provide very effective 
palliation, especially for patients with symptomatic metastases, and may result 
in prolonged survival. A median survival time of 17-50 months and 8-20 months 
was observed for patients with nonvisceral metastases and with lung metastases, 
respectively, whereas patients with gastrointestinal-tract or brain metastases have 
a median survival of only 7-10 months. One has to keep in mind that median sur- 
vival times quoted by various cancer centers differ a great deal, e.g., 5 versus 15 
months for brain metastases. Due to the biology of the tumor, major amputations 
should be avoided in the course of stage IV disease [44]. 



Radiation Therapy 

Curative Radiation Therapy of Primary Tumors 

Radiotherapy as a curative approach for treating cutaneous melanoma is rarely 
indicated. An exception may be a widespread facial LMM in elderly patients. 
Although the radiosensitivity of melanomas may be variable, they are definitely 
not radioresistant. Radiotherapy for ocular melanoma represents a special situ- 
ation. For uveal melanoma high-precision proton-beam therapy is a valuable 
alternative to enucleation. With a 96% local cure rate, this form of treatment may 
be considered as the treatment of choice in the future [45]. 
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Adjuvant Local Radiotherapy 

Adjuvant radiotherapy can be performed in many different ways including single 
high-dose preoperative radiation or postoperative radiation of primary tumors 
with or without radiation of the regional lymph nodes. However, there are no 
definitive results demonstrating improved survival rates or longer recurrence-free 
intervals for patients. 

Palliative Radiotherapy 

Radiotherapy plays an important role in the treatment of metastatic melanoma. 
Different protocols including hyperfractionation are recommended. Remarkable 
palliation can be achieved with symptomatic brain and bone metastases as well 
as with lymph node or cutaneous metastases. Depending on the level of tolerance 
of the surrounding organs and the tumor mass, single doses of 200-400 cGy with 
a total dose of 3000-6000 cGy are regularly administered. Large, highly prolif- 
erative metastases may require hyperfractionation with single doses of 150 cGy 
twice a day and a total dose of 3000 cGy. A combination of radiation with local 
hyperthermia (42°C) of the irradiated area remains a therapeutic option for treat- 
ing cutaneous and lymph node metastases in a limited area; improved response 
rates with this combination have been reported [46]. 

Stereotactic Single High-Dose Radiotherapy 

Radiosurgery is a special concept for the irradiation of small singular brain 
metastases (no more than three in number and smaller than 4 cm in diameter). 
This method can be described as stereotactically guided percutaneous radiation 
therapy with convergent beams allowing the local application of doses higher than 
which conventional techniques. Single doses ranging from 1500 to 2000 cGy may 
be combined with whole-brain irradiation as a so-called radiosurgical boost. Since 
1984, 41 patients have been treated at the tumor center in Heidelberg with a modi- 
fied 15 MeV linear accelerator. Local tumor control and improvement of neuro- 
logical symptoms was achieved in 95% of the patients; their median survival time 
was 7.3 months [47,48]. 



Photodynamic Therapy 

Another new approach to the treatment of skin or mucosal metastases is photo- 
dynamic therapy. This has been used systemically and topically as an experimental 
form of treatment. Hematoporphyrin precursors or derivatives accumulate in 
tumor tissue and act as photosensitizers, which are usually stimulated by a laser 
light (e.g., an argon-pumped dye laser). The absorbance of light energy results in 
the production of singlet oxygen that affects cell membranes and vessels and 
eventually causes cell death. Experience has been gained in the treatment of 
basaliomas and squamous cell carcinomas of the skin, and case histories have 
been reported on Kaposi's sarcoma and melanomas [49, 50]. 
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Chemotherapy 

Despite the development of new drugs such as fotemustine, piritrexim or 
temozolamide, the response rates to chemotherapy have remained poor. Treat- 
ment with a single cytotoxic drug is still associated with low response rates, and 
polychemotherapy protocols which can increase response rates usually mean 
increased toxicity [51, 52]. Judging the numerous different forms of poly- 
chemotherapy objectively is very difficult since response rates quoted by various 
authors for the same protocols differ a great deal. Various antineoplastic agents 
have been administered in a palliative and occasionally in an adjuvant setting 
either as single-agent therapies or combined in polychemotherapy protocols. 
Resulting response rates range from 2.5% to 55%. Complete long-lasting remis- 
sion can be achieved in i%-2% of the patients treated with palliative chemo- 
therapy [53, 54]. 

Adjuvant Chemotherapy 

Adjuvant isolation hyperthermic perfusion of the upper and lower limb with 
chemotherapeutic agents for patients with high-risk primary melanoma of arms 
or legs is not performed on a routine basis, since there is no prospective rando- 
mized trial which definitively demonstrates improved survival rates. Adjuvant 
perfusion therapy is currently being evaluated by multicenter studies of the 
EORTC, WHO, and the North American Perfusion Group [55]. Adjuvant systemic 
mono- or polychemotherapy with drugs effective in advanced-stage disease is 
performed for patients with high-risk melanoma and/or after curative excision 
of regional lymph node metastases. The most experience has been gained with 
monotherapy using dacarbazine although an improved survival rate has not been 
observed. 

Palliative Chemotherapy 

For many years isolation hyperthermic perfusion with chemotherapeutic agents has 
been performed targeting primary melanomas and satellite or in-transit metastases 
on the upper and lower extremities. The aim was to prevent further regional 
metastases, to avoid amputation, or possibly to postpone the appearance of distant 
metastases. Due to the isolation of the tumor-bearing extremity, 10- to 30-fold higher 
concentrations of cytostatic agents, for example melphalan, can be administered 
locally without inducing any systemic toxicity. The combination with hyperthermia 
(41.5° C) results in higher remission rates. Using melphalan, response rates of 43%- 
100% have been reported; complete remissions were achieved in 7%-8i% of the 
patients. Other substances used include actinomycin, cisplatin, dacarbazine, or 
methotrexate. Another step towards optimizing the results of chemotherapy has 
been the administration of drugs directly into or near the targeted tissue, for 
example, intra-arterial organ perfusion/infusion. Chemoembolization may be an 
option for treating solitary liver metastases [56,57]. 

Dacarbazine remains the most effective drug for palliative systemic mono- 
chemotherapy. Response rates of i4%-33% have been reported and the median 
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duration of response is 3-6 months. Complete remission occurred in approxi- 
mately 5% of the patients. Regression of metastases was observed predominantly 
in nonvisceral locations and in the lung, whereas brain, bone or liver metastases 
did not respond as well. The use of cisplatin, vindesine, or carmustine resulted 
in lower response rates (Table 4). An alternative for treating brain metastases may 
be the nitrosourea derivative fotemustine with a response rate of 28% [58]. 



Table 4. Remission rates of patients with metastatic melanoma treated with monochemo- 
therapy (cumulative results) 



Therapy Remission rate (%) 



Fotemustine 


24.2 


Dacarbazine 


23.4' 


Carmustine 


17.1 


Cisplatin 


15.8 


Taxol 


15.0 


Vindesine 


14.9 


Cyclophosphamide 


12.5 


Vinblastine 


12.1 


Lomustine 


11.1 


Vincristine 


11.0 


Hydroxyurea 


8.1 


Tamoxifen 


7.9 


Bleomycin 


2.5 



’ Ranged from 14%-33%. 



Administering a combination of different cytostatic drugs leads to significantly 
higher response rates of up to 55%. Adverse effects, however, are severe and it is 
uncertain whether this treatment prolongs survival. Depending on the individual 
case, one of the following combination protocols with response rates exceeding 
30% may be indicated (Table 5): bleomycin, vincristine, lomustine, and dacar- 
bazine (BOLD); bleomycin, vindesine, lomustine, and dacarbazine (BELD); 
cisplatin, vindesine, and dacarbazine (CVD); or carmustine, hydroxyurea, and 
dacarbazine (BHD). 



Table 5. Remission rates for patients with metastatic melanoma treated with polychemotherapy 



Therapy 


Remission rate (%) 


Dacarbazine/Cisplatin 


10.0-42.5 


Dacarbazine/Fotemustine 


27.2 


DacarbazineA^incristine/Carmustine 


22.7-42.5 


Carmustine/Hydroxyurea/Dacarbazine 


12.5-31.0 


Cisplatin/Vinblastine/Bleomycin 


47.0 


Cisplatin/Vindesine/Dacarbazine 


24.0-44.0 


Bleomycin/Vincristine/Lomustine/Dacarbazine 


4.0-40.0 


Bleomydn/Vindesine/Lomustine/Dacarbazine 


41.0-45.0 


Dacarbazine/Carmustine/Cisplatin/Tamoxifen 


29.0-55.0 
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High-dose chemotherapy in combination with autologous bone marrow trans- 
plantation performed in an adjuvant or palliative setting has not yet exceeded the 
experimental stage [59]. 

The influence of endocrine factors on the clinical course of melanoma patients 
has been discussed for a long time, and trials using anti-estrogens have begun. The 
results of early proto cols using tamoxifen as a monotherapy were discouraging with 
response rates of only 6%. However, in combination with dacarbazine, remission 
rates of up to 28% and prolonged survival in female patients was observed [60, 61]. 
Using a four-drug regimen consisting of dacarbazine, carmustine, cisplatin, and 
tamoxifen, a response rate of 51% has been reported. On the basis of these results, a 
synergistic effect of this combination therapy has been postulated. 



Biological Therapy 

The immunological approach to therapy has long been a goal of physicians who 
have observed the effects of the immune system on this tumor such as spontane- 
ous regression of primary or even metastatic melanoma and long dormant peri- 
ods of the disease as well as the fact that melanoma cells express antigens capa- 
ble of elicting a host immune response. Now that we have a more complete 
understanding of the immune system and its mechanisms and their regulation, 
the characterization of some melanoma antigens, and the availability of these 
products by biotechnology, new forms of therapy using immunomodulatory sub- 
stances from various different sources have been started (Table 6). 

Table 6. Different concepts for immunotherapy (adjuvant and palliative) 



Active immunotherapy 



Passive immunotherapy 



Unspecific 

BCG 

Corynebacterium parvum 

Thymus extracts 

Viscum album 

DNCB 

Interferon 

Interleukin 

Tumor necrosis factor 



Passive-humoral 

Tumor necrosis factor 
Interferon 

Monoclonal antibodies 

Passive-cellular (adoptive) 

Lymphokine-activated killer cells 
Tumor-infiltrating lymphocytes 



Specific 

Autologous/allogeneic tumor cell vaccines 



The interferons (IFNs) are a family of naturally occurring glycoproteins produced 
by immunocompetent cells in response to various stimuli such as bacteria, viral 
antigens, endotoxins, and tumor cells. There are three main groups of IFNs, IFN-a, 
-P, and -y. Their in vitro and in vivo spectrum of biological activities is broad and 
includes antiproliferative, immunomodulatory, antiviral, and differentiation-induc- 
ing effects. The exact mechanism of action of IFNs in melanoma therapy is not yet 
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known but they may act by enhancing the expression of tumor antigens and 
antitumor activity against melanoma cells as well as having both direct anti- 
proliferative and immunomodulatory effects. The inhibition of the expression of 
cellular oncogenes and DNA synthesis by IFN-a seems to be responsible for its 
antiproliferative effects. The immunomodulating effects of IFNs include the en- 
hancement of macrophages, cytotoxic T cell and natural killer cell activity. These 
interactions seem to take place at various different sites of the immune system. 

Interleukins (ILs) are cytokines produced by activated T cells and have potent 
immunomodulatory effects. Various different ILs such as IL-4, IL-6, IL-7, and 
IL-12 are currently being investigated as treatments for cancer. IL-2 has received 
the most attention as it can facilitate an immune response against tumor cells 
thereby overcoming the immune system 's own tolerance. Due to these charac- 
teristics IFNs and ILs are ideal candidates for immunotherapy. 

Adjuvant Immunotherapy 

Adjuvant immunotherapy maybe able to prevent recurrences in patients with risk 
of relapse due to the presence of micrometastases. Administering such a therapy 
to a patient early in the course of the disease may offer the best hope of a cure for 
melanoma, since at that stage the tumor has had less chance to undergo pheno- 
typic changes and the immune system has not yet been compromised by other 
forms of treatment. Various protocols aim at finding the clinically most effective 
mode of application, and the mechanisms of action of immunotherapeutic agents 
are gradually being understood (Fig. 1). 

The therapy with bacille Calmette-Gu^rin (BCG) (Corynebacterium parvum) 
- probably the most well known - is an active nonspecific immunotherapy which 
has been used over the last two decades. By directly activating the lympho- 
histiocytic subgroup of the immune system, BCG is thought to cause nonspecific 
tumor rejection. Although these effects of BCG could be seen in vitro and in ani- 
mal models, a benefit for patients with malignant melanoma has never been 
observed [62]. Other nonspecific immunostimulants used are levamisole, trans- 
fer factor, and dinitrochlorobenzene. 

Advances in genetic engineering such as the use of recombinant DNA techniques 
have made the production of large quantities of purified human IFNs (rIFN) pos- 
sible and thereby opened up the way for their clinical therapeutic use. For more than 
a decade IFNs have been used for adjuvant therapy of MM. Although nine interna- 
tional randomized controlled studies have been undertaken, the high expectations 
have not yet been met (Table 7; [63-68]). According to a study by ^e Eastern Co- 
operative Oncology Group (ECOG) which started in i985,administration of IFN-a 
at a maximum tolerable dose of 20 x io‘ lU/m^ i.v. 5 days a week during the first 4 
weeks, followed by 10 x 10* lU/m^ s.c. three times a week for 11 months, can signifi- 
cantly prolong the disease-free interval (19 versus 11 months in the control group). 
However, a significantly longer survival time of the treated patients has not be dem- 
onstrated so far (41 versus 31 months). Due to the toxicity of the administered IFN 
dose, the trial has been discontinued. A further ECOG trial is currently underway 
to compare the high-dose regimen with a protocol in which patients receive a lower, 
less toxic dose administered over a period of 2 years instead of 1 year. 
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IFN-a 



TNF 

intraperitoneal 
extremity perfusion 



IL-2 

IL-2/LAK 

IL-2/TIL 



IFN-a/lL-2 



INF^Dacarbazine IL-2/Dacarbazine 

Vindesine/Fotemustine/Cisplatin Cisplatin 



INF-a/IL-2 

Dacarbazine, Cisplatin, Vindesine, Tamoxifen, Carmustine 



Fig.1. Cytokines for 
treatment of metastatic 
melanoma (IFN-a, inter- 
feron-a; TNF, tumor 
necrosis factor; IL, inter- 
leukin; LAK, lymphokine- 
activated killer cells; TIL, 
tumor infiltrating lympho 
cyte; TC, tumor cells) 



f 

Gene therapy 




IFN-Gene/TIL TNF-Gene/TIL IL-2-Gene/TIL 
IFN-Gene/TC HLA-Gene/TC IL-2-Gene/TC 

B7-Gene/TC IL-4/-7/-12 Gene/TC 



New hope arose with a randomized controlled multicenter WHO trial includ- 
ing 426 patients. Over a period of 3 years, 218 patients received 3 x lo"* lU IFNa- 
2a/m^ s.c. three times a week, whereas the remaining 208 patients underwent 
surgical treatment only. This study found a significantly longer 2-year disease- 
free survival in the IFN-treated patient population (46% versus 27%). Even more 
interesting was the influence of sex and age on the outcome of the IFN-a therapy 
which was demonstrated in this study; women younger than 51 and men older 
than 50 years have a significant benefit for both disease-free as well as overall 
survival. These studies demonstrated that high intravenous/subcutaneous doses 
of IFN can significantly prolong relapse-free survival; low or intermediate doses 
of subcutaneous IFN are well-tolerated and accepted by the patients but may 
have a lesser effect on disease-free and overall survival. Further studies are 
necessary to determine the optimal dose and duration of such an adjuvant 
therapy. 





WHO [64] A rIFN a-2a 3xl0‘ lU, s.c., t.i.w. 3 years 426 evaluable patients entered; preliminary results 

(Trial No 16) B Observation suggest improved disease-free survival for subgroups 



176 



W. Tilgen et al. 



a 



G 

o 

T3 



O 

VO 



43 

4-* 

G 

O 

G 



Cl* 

G 



G 

o 

-T3 



Cl* 

O 



•5 

c 

o 

G 



S 3 

u, w 

bO o> 

O o> 

u ,u 

Cl* 'Y 

C 

,S <o 

w 04 



G 

o 

G 



Cl* 

O 



o. 

G 

o 



03 

O) 

0> 



04 



Cl* 

G 

o 

u 

13 

G 



03 03 

•U O) 2 



03 

03 U 

(4 C 
O <u 



g 

03 C 

S.SP 

03 

’C O 

34 

VO 3 
0\ ,£) 

03 



a 

o 

T3 

C 



o< 



E 

s 

o 



I 

-2 






I" 

in '*~L 



EE 

3 3 






X X 
o o 

(N ^ 






•wi 03 

e”* e"^ 

33: 



X X ^ 
O O X 
<s f m 



-o 

O 03 

St 

0> 4> 

eS 

o S 

'I'S 

E J 

3 “ 
60 
O E 



*o 

O’ 



60 

E 



c6 



04 ^ 

O 



d 

'Z 



d 



Oh ^ Oh ^ 

“ O 12 O 



d 

2 



c 

-2 ^ 
13 
2 



CN 



^ *T> rs ^ 



03 

Xi 

O 



d 

2 



c 

o 

,o 

«« C 
2 S 

Oh .D 
20 



c 

40.2 

^ I 
« £ 
2 S 

01 ,n 

2 O 



G 

x> i> -2 

a 

Z 5i 

H< Ph -S J3 

t; ti ;s o 



>- c 

[Ju ja 

■S O 



< pa ■< M < pa ■< pa < «<J •< « 



< « o Q <! pa 



'O 

a 

o 


VO 


VO 


VO 00 

- — . \o 

O 


t> o 

VO ON 

. — .\o 

o r 


43 

03 


<0 ^ 
C 00 
©:£ 
s 


VO 

O 

H 


in 

ep 


u 


O 


O 


o 


o fc 






Pi 


P 


o 


O 


CJ 


O g3 


^ w 


o 

o 


a> 3 


O 




2 


f^* 


< 


w c. 


« o 


cn 


E to 


w 


cn 



WHO, World Health Organization; NCCOG, North Central Cooperative Oncology Group; FCG, French Cooperative Group; ACG, Austrian Coopera- 
tive Group; ECOG, Eastern Cooperative Oncology Group; EORTC, European Oncology Research Trials Committee; SWOG, Southern Oncology 
Group; rIFN, recombinant interferon. 
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Although their effects as a potent and diverse stimulator of the immune system 
are well documented, the role of IFN-p and IFN-y as antitumor agents in the clini- 
cal setting is less clear. There is little evidence for the activity of IFN-y against 
melanoma as a single agent and it has also failed to show significant additive 
effects in combination with IFN-a. TWo groups are evaluating whether IFN-y is 
useful as an adjuvant to surgery: SWOG has not yet reported a benefit from the 
use of IFN-y, and the EORTC trial is still ongoing. An adjuvant trial in patients 
with an intermediate to high risk of developing primary tumors is currently 
underway to determine the effect of IFN-p. 

Since the combination of low-dose IL-2 and IFN-a had some synergistic effects 
on the lysis of melanoma cells in vitro, a prospective randomized clinical trial 
using this combination was initiated. The available data indicate that low-dose 
cytokine therapy results in a continuous immunoactivation. The benefit of this 
form of therapy cannot be detected statistically at the moment, but observation 
continues [69]. 

Melanoma Vaccine 

Active immunotherapy using melanoma vaccines to induce an immune response 
against melanoma cells leading to tumor rejection and specific memory has been 
attempted for several decades. A number of clinical trials are in progress to evalu- 
ate the benefit of vaccine therapies. So far improved survival could only be dem- 
onstrated for small groups of patients in randomized controlled trials performed 
either in metastatic melanoma or in the setting of an adjuvant treatment after the 
removal of the primary tumor or regional lymph node metastases. There are 
different approaches for developing tumor vaccines: irradiated autologous or 
allogeneic melanoma cells have been used most often in the past, but to elicit more 
immunogenicity, virus-modified tumor cell lysates (e.g., vaccinia oncolysates) or 
intact tumor cells were applied [70-73]. 

The discovery of immunogenic melanoma-associated antigens recognized by 
the human immune system opened up the way for the development of antigen 
vaccines using antigens produced in tissue culture by a variety of different allo- 
geneic melanoma cells. Such vaccines are called polyvalent melanoma antigen 
vaccines. Compared with untreated historical controls, a 50% increase in the over- 
all median survival was reported. A new development in immunotherapy began 
when the human genes were discovered which, together with the major histocom- 
patibility complex (MHC) HLA-Ai molecule, present antigens on melanoma cells 
recognized by CD8^ cytotoxic T-lymphocytes. These melanoma antigen-genes, 
MAGE-i and MAGE-3, are expressed in 40% and 75% of melanomas, respectively. 
The idea is that after immunization, T-lymphocytes specifically recognize the 
MAGE-i or MAGE-3 antigen, proliferate and then destroy the tumor cells which 
present these antigens [74]. 

Palliative Immunotherapy 

Studies carried out in the 1980s have found that depending on the kind of IFN, 
dose, and route of administration, IFN-a monotherapy is active against melanoma 
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Table 8. Interferon a-2a therapy in metastatic melanoma 










Therapy 


Dosage 


Pts. 

(n) 


CR 

(n) 


PR 

(«) 


OR 

(%) 


RD 

(months) 


Survival 
(months 
all pts.) 


Ref. 


s.c. 


IFN-a-2a 


3-36 X 10“ lU esc.qd 
70 d, t.i.w. 


97 


6 


2 


8.2 


10.8/7.9 


ND 


[75] 


i.m. 


IFN-a-2a 


12 X 10“ lU/m^ U.W. 


30 


1 


5 


20.0 


3/9.6 


4.2 


[76] 


IFN-a-2a 


15-50 X 10“ lU/m^ 
esc., t.i.w. 


18 


2 


0 


11.0 


10 


6.5 


[77] 


IFN-a-2a 


50 X 10“ lU/m^ t.i.w 


31 


3 


4 


23.0 


10/3.8 


6 


[78] 


IFN-a-2a 


3-36 X 10“ lU esc. qd 
70 d, t.i.w. 


31 


0 


3 


9.7 


2 


12 


[79] 


IFN-a-2a 


18 X 10“ lU t.i.w. 


31 


0 


2 


6.5 


2 


12 


[79] 


IFN-a-2a 


3-18 X 10“ lU esc.qd 
70 d, t.i.w. 


23 


3 


0 


13.0 


14 


ND 


[80] 


i.v. 


IFN-a-2a 


30 X 10“ lU/m^ 5/wk int. 


29 


1 


1 


7.0 


ND 


ND 


[37] 



CR, complete remission; PR, partial remission; OR, overall remission; RD, remission duration; 
ND, no data; esc, escalating; int, intermittent 



Table 9. Interferon a-2b therapy in metastatic melanoma 



Therapy 


Dosage 


Pts. 


CR 


PR 


OR 


RD 


Survival 


Ref. 






(n) 


(n) 


(n) 


(%) 


(months) 


(months 
dl pts.) 




S.C. 


















IFN-a-2b 


10 X 10“ lU t.i.w. 


22 


2 


4 


27.0 


13/12 


ND 


[81] 


IFN-o-2b 


10 X 10“ lU/m' t.i.w. 


40 


4 


6 


25.0 


14/3.5 


20.5/14 


[82] 


IFN-a-2b 


10 X 10“ lU/m^ t.i.w. 


24 


2 


5 


29.2 


12/2 


ND 


[83] 


IFN-a-2b 


10 X 10“ lU/m^ t.i.w. 


51 


4 


6 


19.6 


ND 


ND 


[121] 


IFN-a-2b 


3 X 10“IU/m^ t.i.w. 


33 


1 


1 


6.0 


ND 


ND 


[84] 


i.m. 


















IFN-a-2b 


10 X 10“ lU/m^ t.i.w. 


21 


0 


3 


14.3 


12.5 


ND 


[85] 


IFN-a-2b 


3/30/50 X 10“ lU 7/wk 


2/2/3 


0 


2 


28.5 


3.5 


ND 


[86] 


i.v. 

IFN-a-2b 


20X 10“IU/m^ 

5/wk/4 wk 

followed by 

10 X 10“ lU/m^ t.i.w. s.c. 


23 


2 


1 


13.0 


ND 


ND 


[87] 


IFN-a-2b 


30 X 10“ lU/m^ 5/wk 


27 


0 


1 


3.7 


ND 


ND 


[88] 


lFN-a-2b 


10/30/50/100x10“ lU 
5/wk 


4/4/4Z4 


2 


0 


12.5 


29 


ND 


[86] 


IFN-a-2b 


20 X 10“ lU/m^ 5/wk int. 


15 


0 


0 


0 


ND 


4.75 


[89] 



For explanations to abbreviations, see Table 8. 
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with an objective response rate in the range of o%-29%. The majority of the ob- 
served responses were restricted to soft tissue sites and the lung (Tables 8 and 9; 
[75-89]. Administering IL-2 alone resulted in remission rates between 0% and 
27%. Large doses of IL-2 however are accompanied by significant side effects, 
including hematologic toxicity, hepatotoxicity, and arrhythmia [90]. Successful 
intrathecal administration of IL-2 has been reported in a patient with meningeal 
melanomatosis [91]. 

Subsequent to clinical trials with IL-2 alone, adoptive immunotherapy 
approaches were initiated using combinations of high-dose IL-2 and lympho- 
kine-activated killer (LAK)cells or IL-2 and autologous tumor-infiltrating 
lymphocytes (TILs) isolated from the tumor cells which might exhibit a more 
effective and selective tumor cell lysis or specific cytokine secretion. The IL-2/ 
LAK cell regimen showed no better response rates than IL-2 alone, but there was 
a trend toward improved survival. The combination of IL-2 and TIL led to an 
overall response rate of 34% in 86 patients versus 17% response rate in 134 pa- 
tients treated with IL-2 alone, suggesting that TILs provided a therapeutic ben- 
efit (Table 10; [92-104]). 

A new concept for regional adoptive immunotherapy with IL-2 and LAK cells 
was developed to treat localised melanoma during a period of time when the role 
of ex vivo activated LAK cells for systemic treatment was still controversial. Con- 
sidering the possibility that one reason for the limited efficacy of intravenously 
administered LAK cells might be the poor accessibility to tumor tissue outside 
the lung, ten patients with metastases of the extremity in transit were treated with 
IL-2 and LAK cells. Six partial remissions and one complete remission were 
observed [105]. In a phase I trial, 15 patients with liver metastases received IL-2 
either intravenously or by arterial infusion directly into the spleen and LAK cells 
were transfused directly into the hepatic artery via a catheter. More than 80% of 
the transfused LAK cells were detected in the liver immediately after infusion and 
after 24 or 120 hours. One partial response and two complete responses with a 
prolonged disease-free survival (> 36 months) were achieved [106]. 

Consequently, the next step was to demonstrate an improved efficacy when 
administering a combination ofIFN and IL-2. Numerous treatment schedules have 
been developed, leading to extremely different response rates of between 0% and 
56% (Table 11; [107-111]). Due to the discrepant results of the different studies, there 
is up to now no consensus on the optimal dosage regimen of both drugs. In our 
own studies we performed two sequential trials in 54 patients with advanced 
melanoma, modifying the IL-2 dose and schedule of administration in order to 
investigate its efficacy and side effects. Schedule A consisted of IFN-a, 10 x io‘ 
lU/m^ per day subcutaneously for 5 days, followed by continuous intravenous infu- 
sion of IL-2 at a dose of 1 mg/m'‘ every 24 h for 5 days. Schedule B consisted of the 
same dose of IFN-a, but a modified regimen of IL-2. To improve the induction of 
high-affmity IL-2 receptors, the initial IL-2 dose was increased (1 mg/m^ every 6 h, 
followed by 1 mg/m" every 12 h, and 1 mg/m" every 24 h). The dose of IL-2 was 
reduced to 0.25 mg/m" every 24 h after the induction dose to reduce toxicity. In a 
subgroup of 15 patients treated according to schedule B, the IL-2 infusion was 
started on day 3 instead of day 8 to reduce the period of hospitalization. Both treat- 
ments were repeated after 4 weeks. TWenty-seven patients in schedule A showed 
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Table 10. Interleukin-2-based immunotherapy in metastatic melanoma 



Therapy 


Dosage 


Pts. 

in) 


CR 

(«) 


PR 

(n) 


OR 

(%) 


RD 

(months) 


Survival 
(months 
all pts.) 


Ref. 


lL-2 


720 000 lU/kg 
q8h i.v. B 


134 


9 


14 


17 


23/8 


ND 


[92] 


lL-2 


1 X 10* U/kg q8h i.v. B 


46 


2 


8 


22 


8 


ND 


[93] 


lL-2 


6 X 10* U/m^ q8h i.v. B 


44 


0 


2 


5 


11.5 


10.2 


[94] 


lL-2 


36-60x10* lU/m^ 
i.v. B t.i.w. 


42 


0 


4 


10 


ND 


9.9 


[95] 


IL-2 


3x10* U/m^ i.v. B/C 
3X10* U/m^ i.v. B/C 


15 


0 


0 


0 


ND 


ND 


[96] 


IL-2 

LAK 


720 000 lU/kg 
q8h i.v. B 


25 


3 


3 


24 


66/6 


ND 


[97] 


IL-2 

IL-2 

LAK 


1x10* U/kg q8h i.v. B 48 
1-6 X 10* U/m^ q8h i.v. B 


4 


6 


21 


25/4.5 


ND 


[98] 


lL-2 

LAK 


1x10* U/kg q8h i.v. B 


32 


1 


5 


19 


5 


ND 


[99] 


IL-2 

LAK 


1x10* U/kg q8h i.v. B 
3x10* U/m^ i.v. C 


50 


1 


6 


14 


21 


ND 


[100] 


IL-2 

LAK 


18 X 10* lU/m^ Lv.C 
22.5 X 10* lU/m^ i.v. C 


33 


0 


1 


3 


10 


ND 


[101] 


IL-2 

LAK 


18 X 10* lU/m^ i.v.C 


53 


12“ 




23 


3.2 


6.1 


[102] 


TIL 

IL-2 


720 000 lU/kg 
q8h i.v. B 


29 


4 


5 


31 


30.5/4 


ND 


[103] 


CTX 

TIL 

IL-2 


25 mg/kg 

720 000 lU/kg 
q8h i.v. B 


57 


1 


19 


35 


20/6.5 


ND 


[103] 


CTX 

TIL 

IL-2 


1 g/m^ 

18x10* lU/m^ i.v. C 


21 


5“ 




24 


3 


5.8 


[102] 


IL-2 

TIL 

IFN-a 

CTX 


12 X 10* lU/m^ Lv.C 

3 X 10* lU i.m. 

350 mg/m^ 


12 


1 


3 


33 


ND 


ND 


[104] 



IL-2, interleukin-2; LAK, lymphokine-activated killer cells; TIL, tumor-infiltrating lymphocytes; 
CTX, cyclophosphamide; see Table 8 for other abbreviations. 

" Complete and partial remissions. 
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Table 1 1 . Interleukin-2 and interferon 


-a therapy in metastatic melanoma 






Therapy Dosage 


Pts. 


CR 


PR 


OR 


RD 


Survival 


Ref. 






(«) 


M 


(«) 


(%) 


(months) (months 


















all pts.) 




IFN-a 


10 X I0‘ lU/m^ s.c. 5/wk 


45 


3 


11 


31 


ND 


ND 


[107] 


IL-2 


18 X I0‘ IU/mV6h i.v. C 
18 X 10‘ IU/mVl2h i.v. C 
18 X 10‘ IU/mV24h i.v. C 
4.5 X 10‘ IU/mV24h i.v. C qd 3 
















IL-2 


18x 10‘IU/m' i.v.C 
5/wk 


66 


7’ 




11 


4.3 


9.5 


[102] 


IFN-a 


3 X 10* U/m^ s.c. t.i.w. 
















IL-2 


2 X 10* U/m^ i.v. C 4/wk 


14 


0 


0 


0 


2.4 


6.2 


[108] 


IFN-a 


6 X 10* U/m^ s.c./i.m. d 1+4 
















IL-2 


1-4.5 X 10* U/m^ q8h i.v. 
B 5/wk 


39 


3 


10 


33 


> 5/6.5 


ND 


[109] 


IFN-a 


3-6 X 10* U/m^ q8h i.v. B 5/wk 
















IL-2 


4.5 X 10* U/m^ q8h i.v. B 5/wk 


41 


0 


4 


10 


11.5 


9.7 


[94] 


IFN-a 


3 X 10* U/m^ q8h i.v. B 5/wk 
















IL-2 


3x10* U/m^ i.v. C 4/wk 


54 


1 


10 


20 


> 1/4.8 


ND 


[110] 


IFN-a 


6 X 10* U/m^ d 1+4 s.c. 
















IL-2 


4.5 X 10* U/m^ i.v. B 3 d 


9 


1 


4 


56 


ND 


ND 


[110] 


IFN-a 


3 X 10* U/m^ s.c. 5/wk 
















IL-2 


9 X 10* lU/m^ s.c. ql2h 2 d 
1.8 X 10* lU/m^ ql2h s.c.5d 


7 


0 


1 


14 


> 4 


> 9 


[HI] 


IFN-a 


5 X 10* lU/m^ s.c. t.i.w. 

















for abbreviations see Tables 8 and 10. 
“ Complete and partial remissions. 



a response rate of i8%, whereas a total of 45 patients treated according to sched- 
ule B showed an objective response rate of 31%. By introducing this gradually 
decreasing regimen, the toxicity of IL-2 was reduced and the response rate in- 
creased [112]. 

Combination cytokine therapy, especially the administration of IL-2, was 
associated with dose dependent side effects including arterial hypotension, fluid 
retention, flu-like syndrome, gastrointestinal symptoms, central-nervous-system 
symptoms, or changes in kidney or liver function. The most troublesome and 
potentially life-threatening side effects of IL-2 are hypotension and the so called 
capillary leak syndrome. This syndrome is characterized by a diffuse increase in 
vascular permeability leading to extravasation of plasma into surrounding tissues 
which manifests in weight gain, serous effusions, and generalized edema [113, 114] . 
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Multimodal Treatment with Cytokines and Cytotoxic Drugs 

The spectrum covers well-tolerated two drug combinations as well as toxic 
multidrug regimens. On the basis of in vitro data showing a synergistic and/or 
additive effect for the use of cytokines in combination with other biological or 
cytotoxic agents, a number of different treatment schedules have been used over 
the last few years. The exact mechanisms for the anticipated effects of a combi- 
nation therapy in patients are still unknown. Cytokines which themselves exert 
only antiproliferative effects may act by enhancing the antitumor activity of a 
cytotoxic drug at the target site by biomodulation. They mainly modulate the 
intracellular pathway of the applied cytotoxic drug. Biomodulating agents may 
not only increase the efficacy of cytotoxic drugs but also may overcome the tumor 
cells ' multidrug resistance to a certain degree. Several hypotheses exist to explain 
the action of biomodulating agents: a change in pharmacokinetics and therefore 
in bio availability of the substances; changes in local or systemic toxicity; changes 
in immune regulation; and, regarding the combination of cytotoxic drugs and 
cytokines, a synergism has been postulated whereby reduction in tumor mass 
facilitates the attack on the remaining tumor cells by the activated immune sys- 
tem [115,116]. 



Table 12. Combined therapy with interferon-a and cytotoxic drugs for metastatic melanoma 



Therapy 


Patients 

(n) 


CR 

(n) 


PR 

in) 


OR 

(%) 


RD 

(months) 


Survival 
(months 
all pts.) 


Ref. 


IFN-o 


12-51“ 


4 


6 


0-29 (20“) 


ND 


ND 


[121]“ 


IFN-a/DTIC 


17-87“ 


6 


12 


6-53 (21“) 


8.6 


7.6 


[122]“ 


IFN-a/Vindesine 


10-25“ 


3 


1 


10-39 (16“) 


7 


14 


[21]“ 


IFN-a/Cisplatin 


10-42“ 


3 


7 


10-42 (24“) 


S/4.4/2.9 


7.4 


[123]“ 


IFN-«/Fotemustine 


25-50“ 


ND 


ND 


32-37“ 


ND 


ND 


[124]“ 


IFN-a/mAK R24 


15 


0 


0 


0 


ND 


ND 


[125] 


lFN-a/DTIC/5FU 


26 


5 


5 


38 


6/2 


12 


[126] 


IFN-a/Cisplatin/ 

Vinblastine/DTIC 


36 


3 


14 


47 


9 


9 


[127] 


IFN-a/BCNU/DTIC/ 

Cisplatin/Tamoxifen 


18-34“ 


0 


9 


26-44 (26“) 


4 


12 (OR) 
10 (NR) 


[128]“ 


IFN-a/Cisplatin/DTIC/ 

Vinblastine/Tamoxifen 


33 


3 


7 


30 


9 


8 


[127] 


IFN-a/DTIC/CCNU/ 

Vincristine/Bleomycin 


28-45“ 


6 


22 


40-62“ 


26.7/6.6 


ND 


[129]“ 



OR, overall response; NR, nonresponders. 

* The study with the highest number of patients is quoted. 
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With regard to regional therapy with IFN-a and cytotoxic agents, isolated 
perfusion of the limbs with high doses of cytokines (TNF-a, and IFN-a) and 
chemotherapy (melphalan) under hyperthermia has been shown to result in high 
local remission rates (90% complete, 10% partial remissions; [29, 117]). 

Systemic Chemoimmunotherapy 

Response rates of up to 53% have been observed using a combination of dacarba- 
zine and IFN-a [u8] . However, if a larger number of patients are considered and 
if the substances are administered using a different mode of application (sub- 
cutaneous versus intravenous) response rates are reduced to the levels reported 
for dacarbazine monotherapy [119, 120]. Thus, the benefit of these combinations 
remains to be evaluated. Current clinical trials using a combination of IFN and/ 
or IL-2 with cytotoxic drugs (dacarbazine, vindesine,cisplatin) seem to be supe- 
rior to the respective monotherapy (Table 12; [121-129]; Table 13; [92, 94, 102, 130- 
135]). In most trials, the number of patients is too small to provide definitive 
results. 

This tendency was also observed in our own studies in which we administered 
a high-dose bolus infusion of dacarbazine (850 mg/m% day 1) in combination with 
low-dose IFN (IFN-azb, 3 X 10® U s.c., days 2-6). For the first 22 patients, we 



Table 13. Combined therapy with interleukin-2 and cytotoxic drugs for metastatic melanoma 



Therapy 


Patients 

M 


CR 

(n) 


PR 

M 


OR 

(%) 


RD 

(months) 


Survival 
(months 
all pts.) 


Ref. 


IL-2 


10-134* 


9 


14 


0-27 (17*) 


>23/8 


ND 


[921* 




44 


0 


2 


5 


11.5 


10.2 


[94] 


1L-2/LAK 


27-53* 


12b 




3-23* 


3.2 


6.1 


[102]* 


IL-2/LAK/DTIC 


27 


7b 




26 


6.3 


10.0 


[102] 


IL-2/TIL 


29 


4 


5 


31 


30.5/4 


ND 


[103] 


IL-2/TIL/CTX 


21-57* 


1 


19 


24-35 


20/6.5 


ND 


[103]* 


IL-2/DTIC 


10-57“ 


1 


8 


10-37 (16*) 


39/9.9 


19/9.3 


[130]* 


IL-2/Cisplatin 


20-49* 


3 


5 


17*-40 


ND 


11 


[131] 


IL-2/DTIC/Cisplatin 


8-32* 


5 


8 


38-62 (41*) 


18/6.4/8 


32.6/ 

11.4/10.2 


[132]* 


IL-2/DTIC/ 

Cisplatin/TAM 


38 


3 


13 


42 


5 


11 


[133] 


IL-2/mAK R24 


20 


0 


1 


5 


6 


ND 


[134] 


IL-2/mAK R24/CTX 


23 


0 


10 


43 


ND 


ND 


[135] 



TAM, tamoxifen; for other abbreviations see Tables 8, 10, and 12. 
* The study with the highest number of patients is quoted 
Complete and partial remissions. 
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observed a response rate of 41%. After having treated 76 patients, the response 
rate decreased to 24%. Data analysis revealed a response rate of 5% in patients 
with a Karnofsky index (Kl) below 70% compared with a response rate of 31% for 
patients with a Kl of 70% and above. No response could be observed in patients 
with liver metastases from ocular melanoma, whereas an overall response of 12% 
was achieved in patients with liver metastases from cutaneous melanoma. Previ- 
ous cytotoxic treatment was also an influencing factor. When treating 44 patients 
selected according to these criteria, remission rates of 36% (11% complete remis- 



Table 14 . Combined therapy with cytokines and cytotoxic drugs for metastatic melanoma 



Therapy 


Patients 


CR 


PR 


OR 


RD 


Survival 


Ref. 


(«) 


(«) 


(n) 


(%) 


(months) 


(months 
all pts.) 






lFN-a/IL-2 


8-82“ 


6 


14 


0-56(24“) 


16/7.5 


19.5 


[137]“ 




66 


7b 




11 


4.3 


9.5 


[102] 




7-25“ 


0 


4 


14-16“ 


ND 


ND 


[138]“ 


IFN-a/lL-2/TlL/CTX 


12 


1 


3 


33 


ND 


ND 


[104] 


IFN-a/IL-2/DTlC 


10 


0 


2 


20 


ND 


ND 


[139] 


IFN-a/lL-2/Cisplatin 


52-57“ 


6 


24 


26-53“ 


24/5 


6 


[140]“ 


IFN-a/IL-2/ 

Cisplatin/TAM 


23 


1 


11 


52 


11/6 


8 


[140] 


IFN-a/IL-2/ 

Cisplatin/DTIC 


12 


3 


7 


83 


ND 


ND 


[141] 


IFN-a/IL-2/ 

Carboplatin/DTIC 


40 


3 


11 


35 


19/8 


ND 


[142] 


IFN-a/IL-2/LAK/ 

CTX/Doxorubicin 


40 


0 


8 


20 


3,5 


ND 


[143] 


IFN-a/IL-2/Cisplatin/ 
DTIC/Vinblastine (seq.) 


30 


5 


9 


47 


7 


ND 


[144] 


Cisplatin/DTIC/ 


39/30/52 


2/9/6 


11/13/ 


33/73/ 


8 seq. 


12 seq. 


[144] 


Vindesine/IFN-a/IL-2 
(alt., seq., cone.) 






27 


63 








Cisplatin/DTIC/ 

Vindesine/IFN-a/ 


30 


4 


5 


30 


ND 


ND 


[146] 


IL-2/TAM 
















IFN-a/IL-2/ 


42 


10 


14 


57 


> 9/7 


11.5 


[147] 


Cisplatin/DTIC/BCNU 












8.4 (NR) 




IFN-a/IL-2/Cisplatin/ 

DTIC/BCNU/TAM 


27-74“ 


11 


30 


55“ 


9.1 


14 


[148] 



alt., alternate ; seq., sequential; cone., concomitant; for other abbreviations see Tables 8, 10, 12, 
and 13. 

“ The study with the highest number of patients is quoted 
•’ Complete and partial remissions. 
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sion, 25% partial remission) and prolonged survival were achieved. The median 
survival time for all patients was approximately 8 months, for patients who re- 
sponded to treatment, 20 months, and for patients with progressive or stable dis- 
ease 7 months [33]. 

Nowadays there is a general tendency towards a new approach of multidrug 
combinations including cytokines and cytotoxic substances. For example, a study 
using a combination of IFN, IL-2, dacarbazine, vinblastine, and cisplatin has been 
initiated yielding promising remission rates of up to 80% [136, 137-148]. However, 
despite these encouraging results, one has to keep in mind that toxicity has been 
quite severe. Therefore protocol modifications and improvements are required to 
justify such a toxic regime, and prolonged disease-free intervals and survival bene- 
fits have to be demonstrated. Combinations of different cytotoxic agents, IFN-a and 
IL-2 yielded improved response rates. These improved response rates, however, 
were achieved at the expense of considerably higher toxicity. 

Experimental Approaches 

New diagnostic and therapeutic possibilities were introduced by the hybridoma 
technique which enables the production of monoclonal antibodies (mAbs) against 
tumor-associated antigens. The modest results of the pioneering clinical studies 
in radioimaging, infusion therapy, and of the use of mAbs as carriers for cytotoxic 
agents demonstrate the limitations of this approach. It has become increasingly 
clear that the specificity of mAbs, i.e., the ability of an antibody to reveal an anti- 
gen which is expressed selectively on the tumor cells, cannot ensure effective 
tumor targeting. Problems preventing effective mAb therapy include hetero- 
geneity of antigen expression, antigenic modulation, inadequate tumor penetra- 
tion, and the development of a human-antibody response against the foreign 
protein [149, 150]. Nevertheless, clinical phase I studies demonstrated the feasi- 
bility of this approach with response rates from 0% up to 33% in small numbers 
of patients (2-22 patients; [37, 151]). In our trial, infusion therapy with the 
antiganglioside mAb R24 resulted in a partial regression of lung and lymph node 
metastases in one patient. Apart from the heterogeneity of melanoma cells the 
major problem in mAb-based treatment was the limited accessibility of solid 
tumors to the mAb macromolecule resulting in mAb-binding in the range of 
o.oi%-o.o4% of the injected mAb dose/g tumor. However, pharmacokinetics 
could be improved by the use of immunoglobulin fragments thereby reducing the 
mAb significantly in size. The combination of mAb and cytokines also resulted 
in an increase of mAb uptake in the tumor [125, 134]. To prevent the formation of 
human antimouse antibodies after repeated injections of the mAb anti-idiotype, 
chimeric or humanized and human mAbs were developed to decrease immuno- 
genicity. Chimeric mAbs consist of the variable regions from mouse immuno- 
globulins and constant regions from human immunoglobulins [152]. Another 
strategy to enhance the antitumor effects of mAbs is the use of immunoconjugates 
with isotope-, toxin-, or cytotoxic-agent-labeled mAbs. A further step towards 
increasing the specific effects on the tumor cell and at the same time decreasing 
the side effects was the production of bispecific antibodies with two different 
antigen binding sites that link the tumor target to an effector mechanism. The 
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increasing knowledge of the limitions of the approach and the availability of tech- 
nology to overcome them with new generations of mAbs allow further steps 
towards realizing the idea of selectively targeting and destroying tumor cells to 
years after their clinical introduction in melanoma treatment. 

Gene therapy might be another way to go in cancer therapy besides surgery, 
radiotherapy, chemotherapy, and immunotherapy. Similar to the mAb approach, 
the intention is to create a more selective cancer treatment. Different strategies 
of gene therapy are being implemented in early clinical studies for patients with 
advanced melanoma. This review only describes approaches already applied in 
clinical protocols. Genetic modifications aim at two target cell populations: the 
tumor cell and the immunologic effector cell responsible for the antitumor 
response. In most cases, genes from two major sources are transfected, namely 
those encoding cytokine and foreign antigen. The mode of gene delivery to the 
target cell varies: it may be via replication-deficient viral vectors (retroviral, 
adenoviral) or via various physical methods, e.g., transfection, electroporation or 
lipofection. Gene transfer can be done ex vivo, which means tumor cells or effec- 
tor cells are modified in vitro and subsequently - in the case of tumor cells, after 
irradiation - reinjected into the patient. Genes may also be directly transferred 
in vivo. Enhancing tumor immunogenicity to stimulate host antitumor immune 
response by the insertion of cytokine genes for example, TNF-a, IL-a, IFN-a or 
granulocyte macrophage-colony stimulating factor (GM-CSF) or genes coding for 
products of the MHC or for lymphocyte costimulatory ligands (By) results in 
rejection of modified and unmodified tumor cells. 

Taking into account that melanomas are susceptible to high concentrations of 
certain cytokines, two approaches have been developed to achieve high cytokine 
concentrations at the tumor site and these have been tested in clinical studies with 
melanoma patients. In one approach, the gene encoding IFN-a is introduced into 
tumor-infiltrating lymphocytes (TILs) to ensure that specific homing properties 
of these lymphocytes lead to a local delivery of the cytokine. Another ongoing 
study demonstrated the feasibility of using a TNF-a-gene-transfected melanoma 
cell vaccine, with one partial response out of five treated patients. 

As it became evident that recognition of melanoma cells by T cells requires a 
distinct HLA phenotype and co-stimulatory factors,a new strategy was proposed. 
The co-stimulatory cell surface molecule. By, which interacts with its receptor 
(CD28) on cytotoxic T cells inducing a systemic immune response was transfected 
into melanoma cells for vaccination. Another clinical trial was reported in which 
direct foreign gene transfer was used for the first time. The gene encoding the class 
I histocompatibility complex protein HLA-By was introduced into melanoma nod- 
ules of five HLA-By negative patients by direct injection of DNA-liposome com- 
plexes. Both local and distant tumor regression occurred in one patient. Looking 
at the numerous ongoing gene therapy protocols, it is obvious that this therapeutic 
idea has become a clinical reality; however, the successful introduction of this 
therapy into clinical routine will depend on proving the safety of gene delivery 
and expression of genetic information in target cells [153-159]. 

The number of therapeutic concepts for the treatment MM is continuously 
growing and new insights into the mechanisms of treatment approaches have 
been gained. Depending on the clinical stage of the disease, local, regional or 
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systemic treatment modalities can be administered in a curative, adjuvant, or 
palliative setting. The only way of curing a melanoma is to detect the primary 
tumor in a very early phase of development and immediately remove it. 
Adjuvant therapy options have been followed for years and can be divided into 
subgroups such as historical approaches including BCG, levamisole, pre- and 
postoperative radiation of the primary tumor, endolymphatic radionuclide 
therapy, or extended safety margins.“Standard” therapies have been carried out 
within study protocols, e.g., elective lymph node dissection or extremity 
perfusion. Recently developed strategies such as the application of cytokines 
and tumor or antigen vaccines are still being investigated. Since none of the 
results shows a definite advantage of one or the other kind of treatment, 
adjuvant therapy should only be given within study protocols. Metastatic 
melanoma remains incurable, but highly treatable. A critical analysis of the re- 
sults shows that certain protocols are regarded as standard therapy for pallia- 
tive treatment: surgery, radiotherapy, and chemotherapy. Other therapy strate- 
gies, some of which have been used for a long time, e.g., multimodality treatment, 
may improve tumor remission rates and long-term survival, but obviously fur- 
ther randomized prospective trials are needed. There are even more experimen- 
tal therapy concepts such as stereotactic single high-dose irradiation, photody- 
namic therapy, the application of a new generation of mAb or gene therapy. The 
continuous progress from cytokine monotherapy to combinations of various 
cytokines and cytotoxic drugs has demonstrated two aspects which are impor- 
tant for patients as well as treating physicans: administering combination 
protocols may result in high response rates of more than 50% and a prolonga- 
tion of the median survival time, however, the observed toxicity issevere. The 
hopes which were set on immunotherapy have not become reality. It is now 
generally agreed that the efficacy of systemic treatment with IFN seems to be 
associated with factors like continuous or alternating treatment of patients over 
a period of months up to years, and that nonvisceral and lung metastases seem 
to respond better than other metastastic locations. However, the optimal dose 
and dosing schedule has not yet been determined, and further protocols have 
been ongoing to study different schedules as well as long-term treatment. 

Reviewing current data, the question has been raised whether the paradigm 
of tumor killing as nowadays postulated for curing the patient, may be coun- 
terproductive as it impairs host response [160]. However, it is neccessary and 
probably even most important for anyone treating patients with metastatic dis- 
ease to define the goals of palliative treatment. In the research phase of any new 
drug or protocol, the effectiveness of a new form of therapy can be assessed by 
comparing response rates and side effects, while in daily oncology practice, the 
value of each form of therapy administered will be judged on the basis of the 
patient's overall survival time and quality of life. Comparing different treatment 
results and response rates is also very difficult since different drugs and dos- 
ing schedules are used. Furthermore response rates may differ due to different 
individual patient selection criteria, and variations in treatment schedules. Ef- 
forts will have to be made to unravel differences in therapy results between sin- 
gle institution and multicenter studies and to make different schedules contain- 
ing the same drugs comparable. In addition the patient population benefitting 
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from a certain form of therapy must be defined [161, 162]. Continuous research 
in molecular biology and tumor immunology has enhanced our understand- 
ing of MM and may help to develop a more specific, effective, and less toxic 
therapy in the future. 
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CHAPTER 13 



Interferons in Kaposi's Sarcoma 

H. Jablonowski 



Clinical Variants of Kaposi's Sarcoma 

Kaposi's sarcoma (KS) is a mesenchymal tumour of unclear etiopathogenesis 
involving blood and lymphatic vessels which was first investigated by Moritz 
Kaposi in 1872 [2]. Moritz Kaposi described a disease that was and is diagnosed 
very rarely, predominantly in elderly men in eastern European countries. This so- 
called classical form of KS typically involves the lower extremities and very 
seldom visceral organs. The tumours grow slowly, sometimes over many years, 
from flat purple plaques to nodular lesions involving adjacent lymph nodes [1,3]. 
Throughout the past few years much knowledge of the epidemiology and 
pathogenesis of KS has been gained. 

Today, five different forms of KS can be distinguished [3] (Table 1). In addition 
to the classical form of KS a more virulent form was described in sub-Saharan 
Africa. Although histologically not different from the classical KS, the African type 
progresses faster and involves more frequently visceral organs [4]. This endemic 
African type can be further subtyped according to the population at risk (adult 
or paediatric form) and to its biological nature (benign, florid and aggressive) 
(Table 2). A third type of KS was described in patients receiving immunosuppres- 
sive therapy. This type of KS is characterised by slow progression or even spon- 
taneous remission if immunosuppressive therapy is discontinued [5]. In 1981-1983 
the first reports about the appearance of unusual KS in young homosexual men 
in California and New York were published [6-9] . This type of KS was accompa- 
nied by opportunistic infections characteristic of immunosuppressed patients. It 
was soon recognised that an acquired immunodeficiency syndrome (AIDS) was 
the underlying condition. In 1983 the causative agent for this acquired immuno- 
deficiency syndrome was found, a newly discovered retrovirus (HTLV III), now 



Table 1 . Different variants of Kaposi’s sarcoma 



Type of Kaposi’s sarcoma 



Survival (years) 



1. Classical Kaposi’s sarcoma 

2. Endemic African Kaposi’s sarcoma 

3. Iatrogenic (immunosuppression-induced) 

Kaposi’s sarcoma 

4. Epidemic (HIV-associated) Kaposi’s sarcoma 

5. Epidemic (HIV-seronegative gay men) Kaposi’s sarcoma 



10-15 

1-10 

Regression after discontinued 

immunosuppression 

0.5-5 

unknown 
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Table 2. Clinical characteristics of the subtypes of endemic African Kaposi's sarcoma 





Benign 


Florid 


Aggressive 


Lymphadenopathic 


Age at onset (years) 


25-40 


25-40 


25-40 


2-15 


Lesions 


Cutaneous 


Papules/ 

nodules, 

lower 

extremities 


Nodules, 

widely 

spread 


Nodules, 

infiltrating, 

lower 

extremities 


None or minimal 


Visceral 


Rare 


Occasional 


Occasional 


Usual 


Mucosal 


Rare 


Rare 


Rare 


None 


Lymph node 


Rare 


Occasional 


Rare 


Always 


Clinical course 


Progression 


Slow 


Rapid 


Rapid 


Very rapid 


Survival (years) 


8-10 


3-5 


5-8 


1-3 



called human immunodeficiency virus (HIV). In recent years KS is increasingly 
diagnosed in young HIV seronegative homosexual men [to]. Although the vari- 
ous types of KS cannot be distinguished histologically, the spectrum of the bio- 
logical behaviour and natural clinical course of this disease is wide (Table i). This 
significantly influences the treatment strategies for KS and also raises the ques- 
tion of whether different pathogeneses of KS exist. 

This article summarises the difierent types of KS with respect to prevalence, 
clinical manifestations, pathogenesis, course of the disease, survival and medical 
treatment with special focus on interferon (IFN) treatment. 



Classical Kaposi's Sarcoma 

Prevalence 

In Eastern Europe and North America, the prevalence of the classical KS varies 
between o.i and 0.6 per 100 000 people [11]. Nearly all patients are elderly men 
aged 50-70 years [12]. Only about 10% of all classical KS cases are diagnosed in 
women; the neoplasm occurs only rarely in children. 



Manifestations 

The classical KS predominantly involves the lower extremities and the adjacent 
lymphatic tissue which leads to lymphatic obstruction. Many lesions initially 
present as purple maculae or plaques, often on the plantar surfaces or on the 
ankles. With time the flat lesions thicken to form plaques or become nodular 
[13]. Despite the slow progression, painful elephantiasis and ulcerative, bleed- 
ing lesions may develop over years. Involvement of the oral or the gastro- 
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intestinal mucosa is rare (about io%),but if this occurs it may lead to diarrhoea 
or sometimes even to perforation of the intestine [14]. Pulmonary involvement 
is an exception [15]. Classical KS is usually not the cause of death in affected 
patients. It is important to search for associated malignancies which occur in 
up to 30% of the patients. Approximately half of these malignancies are 
lymphoproliferative disorders. The incidence of lymphoproliferative diseases in 
patients with classical KS is 20 times higher than in populations without clas- 
sical KS. These data suggest common pathogenetic pathways in classical KS and 
lymphoproliferative disorders. 



Pathogenesis 

Many studies have focused on epidemiological, genetic, infectious, or environ- 
mental factors. However, a clear pathogenetic pathway for KS has not yet been 
identified. The geographical and ethnic distribution of classical KS suggests the 
involvement of environmental factors or cofactors. The sex distribution of the 
disease and the association with HLA-DR antigens would indicate that hormo- 
nal and genetic factors are important in the pathogenesis of KS [16]. Functional 
immune abnormalities (reduced mitogen-induced lymphatic proliferation or 
hypergammaglobulinaemia) have been documented in patients with classical 
KS [17]. 



Course and Survival 

Classical KS usually progresses slowly. The natural course of the disease extends 
over 10-15 years in most cases and is not life-limiting. Nevertheless, approxi- 
mately 20% of the patients, especially patients with visceral involvement, have 
a more rapid disease progression, often dying within about 3 years after diag- 
nosis [18]. 



Treatment 

Therapeutic strategies for classical KS must consider the natural course of the 
disease and the age of onset. Since classical KS is a chronic, multifocal malignancy 
for which no curative treatment is yet available, the disease has to be treated pri- 
marily with palliative methods. While single or localised lesions can surgically be 
excised, multiple lesions or recurrent disease can be successfully palliated with 
radiotherapy. Systemic cytotoxic chemotherapy is effective in classical KS; vin- 
blastine alone is the most frequently used agent (overall response rates of up to 
90% [19]). There is only limited information available about the therapeutic effect 
of IFN treatment in classical KS. According to our own experience, patients with 
progressive disease and especially patients with classical KS involving the lym- 
phatic system benefit from long-term IFN-a treatment given at low doses (3 MIU 
s.c.) three times weekly. 





Interferons in Kaposi's Sarcoma 



199 



Endemic African Kaposi's Sarcoma 

Prevalence 

The African KS is endemic in sub-Saharan central Africa with a particularly high 
incidence in Uganda and Zambia. In these regions KS accounts for up to nearly 20% 
of all diagnosed malignancies [20]. The geographical distribution of KS parallels that 
of Burkitt's lymphoma, although KS is somewhat more often seen in regions of higher 
altitude. The African type of KS can be classified into four subgroups (Table 2); 

1. Nodular subtype (approximately 25%) 

2. Florid subtype (approximately 40%) 

3. Aggressive subtype (approximately 15%) 

4. Lymphadenopathic subtype (approximately 20%) 

Since 1983 an additional type of KS, the HIV-associated African subtype, is increas- 
ingly diagnosed. 



Manifestations 

The subtypes of the African KS differ in their clinical manifestation. The nodular 
subtype resembles the classical KS involving usually the lower extremities with 
multiple localised tumours. The nodular subtype may convert into the florid 
subtype; the latter may also evolve de novo on its own. The florid subtype is a more 
rapidly and widely spreading disease and presents with locally aggressive and 
invasive growth involving the viscera more often. The aggressive subtype is char- 
acterised by large, often exophytic nodules deeply infiltrating the tissue and even 
the bones while the viscera are rarely affected. The lymphadenopathic African KS 
always involves lymph nodes but frequently also the viscera, whereas mucocutane- 
ous lesions are only seldomly found. Most patients suffering from lymphadeno- 
pathic African KS are aged between 1 and 15 years. The clinical manifestation of the 
HIV-associated African KS appears to progress more rapidly than other (Caucasian) 
HIV-associated KS, with frequent involvement of the viscera, such as the lungs. 



Pathogenesis 

The pathogenesis of African KS is unclear. As in the classical KS, environmental, 
hormonal and genetic factors appear to be involved. The most interesting differ- 
ence between African KS and the classical or the immunosuppression-associated 
KS seems to be the lack of an immune defect in patients with African KS [21]. 



Course and Survival 

The course of the disease and the survival time range widely between several 
months and up to 10 years. The poorest survival rates are linked to the lympha- 
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denopathic African KS and to the HIV-associated African subtype whereas the 
African nodular subtype progresses as slow as the classical KS. 

Treatment 

Among a variety of treatment options IFN-a has been shown to be safe and 
effective for African KS [22]. However, information about IFN treatment of the 
different subtypes of African KS is limited. 



Kaposi's Sarcoma in Iatrogenic Immunosuppressed Patients 

Prevalence 

KS accounts for about 3.5% of all malignancies in iatrogenically immuno- 
suppressed patients [23] . In particular two groups of immunomodulated patients 
appear to be at risk for KS: 

1. Patients on treatment with steroids and azathioprine after renal transplanta- 
tion have an estimated risk of developing KS of about 0.4% within 2-4 years. 
In this group of patients, the risk is 150-200-fold higher than in the general 
population. Most iatrogenic KS occur 6-24 months after the start of post-trans- 
plant immunomodulation [24]. 

2. Patients who receive immunosuppressive treatment for different reasons 
develop KS later, usually 3-4 years after initiation of treatment with immuno- 
suppressants [25]. 

Manifestations 

KS evolving in patients receiving immunosuppressive treatment is slowly progres- 
sive and in general restricted to distinct anatomical regions of the skin. Mucosal 
and visceral involvement is rare. 

Pathogenesis 

The pathogenesis of this type of KS is clearly linked to immunosuppression. KS 
disappears in a number of patients in whom immunosuppression is discontin- 
ued. The exact mechanism of the pathogenesis is still under discussion. Several 
pathogenic factors are suspected including a reduced CD4/CD8 receptor positive 
ratio in lymphocytes [26] and activated oncoviruses which escaped adequate 
immune control [27]. 

Course and Survival 

In most of the patients with KS due to iatrogenic immunosuppression survival 
rates are determined by the underlying diseases and not by the associated 
malignancy. Nevertheless, several groups report that up to 50% of deaths after 
renal transplant are related to complications from KS [25]. 
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Treatment 

As in the classical and the African type of KS there is only limited information 
about effective therapeutic options. IFN-a might be beneficial in this group of 
patients [28]. 



HIV-Associated (Epidemic) Kaposi's Sarcoma 

Prevalence 

KS is by far the most common malignant tumour in HIV-infected patients and is 
classified as one of the AIDS-defining diseases. Infection with HIV-i is associated 
with a 7000-fold increase in the incidence of KS [29]. The epidemic form of KS 
occurs in up to 30% of HIV-infected individuals [30]. The prevalence varies 
between 7% and 83% according to different reports. The rate of KS is significantly 
higher in males than in females and high in homosexual and bisexual men who 
have multiple sexual partners. However, over the past few years the incidence of 
KS among HIV-infected patients appears to decreasing (Table 3). 



Table 3. Incidence of KS among patients with AIDS in 3 different cohorts in the years 1 98 1 , 1 986, 
1989, and 1990 



Reference 


1981 


1986 


1989 


1992 


Haverkos et al. [31] 


33% 


19% 


10% 


10% 


Schechter et al. [32] 


32.2% 


ND 


15% 


ND 


Kaldor et al. [33] 


ND 


54% 


24% 


ND 



ND, no data. 



Manifestations 

KS in AIDS is a multifocal systemic disease involving the skin, the mucocutane- 
ous system and the viscera. HIV-associated KS causes significant morbidity with 
organ dysfunctions such as lymphatic obstruction or rapidly progressive pulmo- 
nary failure. The manifestations of KS are diverse, and lesions may appear at any 
time in the course of HIV disease. Some KS lesions remain localized and asymp- 
tomatic for a long time, others spread aggressively and cause morbidity. Like the 
epidemic African KS, AIDS-associated KS can be subtyped into 4 varieties: (1) 
nodular, (2) florid, (3) infiltrative, and (4) lymphoadenopathic. These subtypes 
correspond to different clinical courses with increasingly aggressive behaviour 
from the nodular type to the lymphoadenopathic subtype. The biological course 
of HIV-associated KS is strongly influenced by the degree of immunosuppression 
and corresponds to the effectivity of antiretroviral treatments. 
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Pathogenesis 

The exact pathogenetic pathway of KS is still under discussion, and many details 
are still unclear or conflicting whereas others have been confirmed by different 
groups. Up to now the exact cellular origin of the KS-transformed tissue has not 
been definitively determined. The spindle cells, typical of and diagnostic for KS 
are of mesenchymal origin, with features resembling endothelial and smooth 
muscle cells. Ultrastructural features and the gene expression pattern of KS cells 
in vivo suggest that KS is a tumour of the mixed cell type. Details of the patho- 
genesis of KS are summarized in Fig. i. 




Fig.1. Pathogenesis of Kaposi's sarcoma. See text for details 
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The development of KS-like lesions by inoculating cultured AIDS-KS cells into 
nude mice suggests that KS is an inducible disease. It has been repeatedly inves- 
tigated whether a direct infection of spindle cells by HIV-i can induce KS. Data 
about a direct infection of Kaposi's sarcoma-derived spindle cells with HIV-i are 
conflicting. Most studies could not find a direct HIV infection in KS derived spin- 
dle cells in vivo but demonstrated that several HIV proteins are mitogenic in these 
cells [34]. In addition to HIV, other infective agents, especially viruses such as 
Herpes simplex virus (HSV), Epstein Barr virus (EBV), human papilloma virus 
(HP V) and cytomegalo virus (CMV) have been found to be mitogenic for KS. HP V 
or other sexually transmitted agents possibly related to HPV-16 were suggested 
to be causative agents of AIDS-related KS [35]. The association of a HPV-16-related 
virus with KS was not confirmed in other studies. Nevertheless sexually transmit- 
ted agents appear to be involved in the pathogenesis of HIV-associated KS. This 
hypothesis is supported by results of epidemiological studies which show that the 
risk of KS in HIV infection is increased with oral- faecal contact and with certain 
sexual practices. 

New details of how HIV itself initiates or influences the pathogenetic pathway 
of AIDS-related KS have been recently reported. HIV itself promotes KS via the 
HIV TAT gene [36]. This HIV gene not only promotes AIDS-related KS but also 
stimulates normal vascular cells to migrate and to degrade the basement mem- 
brane. In addition TAT can initiate endothelial cell morphogenesis. In vitro find- 
ings demonstrate a synergistic activity of basic fibroblast growth factor and HIV-i 
TAT protein in inducing KS [37] . The role of TAT is underlined by the finding that 
HIV-i TAT protein also inhibits the activation of two IFN-induced enzymes (pro- 
tein kinase and 2-5A-synthetase) by inducing HIV-i TAR RNA. This may repre- 
sent an escape mechanism for the virus [38]. Finally, results obtained with TAT- 
transgenic mice and the induction of AIDS-related KS cells proliferation by the 
addition of exogenous (cell-released or recombinant) TAT protein suggest that this 
HIV gene product has an important role in the development or progression of KS 
in HIV-infected individuals [30]. 

In addition to TAT, different oncogenes, cytokines such as interleukin-(IL)-6, 
transforming growth factor-beta (TGF-beta), oncostatin M, platelet-derived 
growth factor and sexually transmitted agents interfere directly or indirectly with 
the pathogenetic cascade of AIDS-related KS [39]. Inflammatory cytokines such 
as IL-ip, tumour necrosis factor-a (TNF-a) and IFN-y are capable of stimulat- 
ing the growth of spindle cells derived from AIDS-related KS lesions in vitro 
directly or indirectly by release of a fibroblast growth factor [40]. The relevance 
of fibroblast growth factor in the pathogenesis of AIDS-related KS is not gener- 
ally accepted. In vivo longitudinal determinations of serum levels of fibroblast 
growth factor failed to distinguish patients with KS from those without KS [41]. 
Nevertheless, it is generally accepted that simultaneous exposure to different 
agents such as cytokines and other cofactors apparently alter both the morphol- 
ogy and growth regulation of KS progenitor cells. The expression of cytokines and 
their receptors provide evidence that paracrine stimulation mechanisms are im- 
portant for the maintenance of KS. Besides the paracrine stimulation, KS-derived 
spindle cells express different cytokines and cytokine receptors spontaneously 
and show the acquisition of autocrine growth loops as already mentioned. In 
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addition, viral infections may further enhance KS proliferation through cytokine 
induction [42]. Perturbations of cytokine regulation during HIV infection further 
alter the subsequent growth of KS. Proliferative effects on spindle-shaped KS cells 
have been documented for macrophages located within KS tumours. These 
intralesional macrophages appear to be the predominant production site of TGF- 
beta 1 which can promote KS proliferation [43]. These data support the rational 
basis for a cytokine-modulating anti-KS treatment. 

According to these data, a regained control of cytokine perturbations and the 
underlying HIV-i infection should result in a significant remission or suppres- 
sion of the growth rate of AIDS-related KS [29]. In the past, studies of KS 
pathogenesis have been hampered by the lack of in vitro and in vivo experimen- 
tal models. Recently, the establishment of long-term cultures of KS spindle cells 
and the development of animal models, i.e., transgenic mouse models, have been 
reported. In these models the role of cytokine regulation and HIV Tat protein in 
KS pathogenesis was confirmed [44]. 

Last year several groups have reported on DNA sequences of a new human 
herpes-related virus which is highly associated with KS [45-50], Non-Hodgkin 's 
lymphoma [51] and multicentric Castleman's disease [52]. These DNA sequences 
have already been established in HIV-related lymphoma cell lines [53]. The virus 
was named KS associated herpes virus (KSHV) or human herpes virus 8 (HHV 8). 
In view of these findings other associated viruses such as HSV, CMV and HPV 
appear to be cofactors rather than causative agents in the development of AIDS- 
associated KS [54,55]. 

In addition to infective agents, toxic influences have been reported to promote 
the pathogenesis of AIDS-related KS. Pathogenetic data for KS show that the abuse 
of nitrite inhalants is correlated with the incidence of KS among AIDS patients. 
Isobutyl nitrite inhalation may influence KS by compromising macrophage 
tumoricidal activity. It has been shown that macrophage tumoricidal activity is 
reduced by up to 40% for at least 7 days after inhalation of such compounds. 
Inhibition of nitric oxide induction and stimulation of KS cells via increased pro- 
duction of TNF-a are considered to be possible mechanisms [56]. 

HIV-infected patients with KS have significantly higher serum dehydro- 
epiandrosterone (DHEA) and testosterone concentrations compared to pa- 
tients without KS, and their DHEA, DHEA sulphate, testosterone, and andros- 
tenedione values are higher than in KS-negative controls. High androgen levels 
in male patients with KS may affect the immune system and promote growth 
of KS by inducing abnormal cytokine profiles [57]. The exact mechanism is 
still unclear. 

Glucocorticoid therapy has been linked to an increased risk of KS. It has been 
shown that glucocorticoids stimulate directly the proliferation of AIDS-related KS 
cells in vitro by modulation of glucocorticoid receptor expression [58]. 



Course and Survival 

The course of the disease and the survival time of patients with HIV-associated 
KS have been retrospectively analysed in several studies. All studies reported that 
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the severity of cutaneous or mucosal lesions of KS did not correlate with the 
survival time [59], but rather that survival time depends on CD4 counts at diag- 
nosis. The mean survival time for patients with KS was determined to be 20 
months. In one study, patients with a CD4 count of less than 200/pl survived for 
14 months, patients with a CD4 count of 200-399/pl, 37 months, and patients with 
a CD4 count > 400/pl, 57 months. Several studies failed to show a correlation 
between survival time and age or clinical stage of KS. However, survival times were 
significantly longer in patients treated with nucleoside analogues (e.g., patients 
treated with zidovudine with initial CD4 counts of less than 20o/pl survived for 
18 months compared with a 7-month survival time for untreated patients) [60]. 
This increase in survival time exceeds the effect of zidovudine treatment in non- 
KS patients. 

Another study compared the course of AIDS patients with KS as a first AIDS 
manifestation vs. patients in whom KS developed subsequent to another AIDS- 
defining event. In a group of 213 HIV-positive patients, the median survival time 
of patients with KS as the first manifestation of AIDS was 19.5 months versus 8 
months for patients developing KS after another AIDS-defining illness. Poorer 
survival rates following diagnosis of KS was associated with a lower CD4 count 
at diagnosis of KS, extensive cutaneous or visceral KS at diagnosis, and also with 
development of KS subsequent to another AIDS-defining disease. The authors of 
this study speculate that the course of KS as a subsequent illness may be more 
aggressive than as a primary diagnosis and therefore may influence choice of 
therapy [61]. 

Survival times of patients with HIV-associated KS appear to differ between 
men and women. As already mentioned, KS in HIV-infected women is less com- 
mon than among men, but it does occur among HIV-infected women, especially 
those with a history of intravenous drug use (IDU). Two studies reported that 
women with KS have a shorter survival time than men [62, 63]; the reasons for 
this difference are still under discussion. 

Up to now, treatment of AIDS-related KS has not significantly affected the prog- 
nosis or survival of AIDS patients although new data on long-term treatment with 
liposomal-encapsulated doxorubicine appear promising [64]. However, antipro- 
liferative treatment for AIDS-related KS can alleviate aerodigestive and/or res- 
piratory dysfunction, allow adequate nutritional intake and improve the quality 
of life for these patients [65]. CD4'^ cell count and history of systemic illness are 
predictive of survival. For these reasons indicators of HIV infection must be 
included in the clinical evaluation of KS patients and taken into account in the 
choice of optimal treatment [66]. 



Treatment 

KS is an unusual disease that frequently complicates the course of HIV infection. 
As already mentioned, there is strong evidence to suggest that the pathogenesis 
of KS is driven by HIV, coinfection with other viruses that can act indirectly after 
stimulation of a variety of cytokines and cellular factors. Since the exact 
etiopathogenetic pathway of the disease is unknown, a curative treatment strat- 
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egy could not yet be established. The current therapy for HIV-associated KS has 
been developed empirically and involves mainly classic cytotoxic chemotherapy 
or the newly developed liposomal-encapsulated chemotherapy [67]. However, as 
more is learned about the pathogenesis of KS lesions, new and novel therapeutic 
modalities have emerged or are being investigated which aim to interrupt or block 
the activity of the pathogenic factors involved [68], 

Investigations carried out in 1982 found unusual immunologic patterns, par- 
ticularly changes in IFN serum levels in homosexual men with KS and lymphad- 
enopathy. Many of these patients had measurable serum litres of an unusual acid- 
labile form of human leucocyte IFN [69]. Other studies found that mononuclear 
cells from patients with AIDS and opportunistic infections produced diminished 
levels of IFN-a in response to different infections [70] . These results and the fact 
that IFNs are a group of proteins with antiviral, antiproliferative, and immune- 
regulating activity, was the rationale for early clinical intervention studies using 
IFN treatment which were initiated after 1983 [71]. IFNs are classified as alpha, 
beta, or gamma on the basis of antigenicity and biologic properties. 

IFN-a 

One of the first randomised prospective studies on IFN evaluated the safety and 
efficacy of different doses of recombinant IFN-a-2 for the treatment of HIV- 
associated KS. In this study the effects of high doses (50 MlU/m’ body surface area, 
i.v.) and low doses (1 MIU/m%s.c.) of recombinant IFN-a-2 were compared. A total 
of 20 patients in the study received IFN-a-2 for 5 days/week, every other week in 
four treatment cycles. The results were in favour of the high dose protocol. Six pa- 
tients with KS, four treated with the high dose and two treated with the low dose, 
responded either completely or partially [72]. Comparable response rates with 
IFN-a treatment were published later [73]. These treatment schedules used high 
doses of IFN as a monotherapy. A series of clinical trials with highly purified IFN-a 
preparations showed high-dose treatment to be superior to low-dose treatment. 
On the basis of these results it was generally accepted that high doses were more 
effective (response 38%) compared to low-dose IFN treatment (response rate 3%) 
[74> 75]- This antiproliferative effect was only seen in patients who were treated 
with high IFN doses but not in patients on dose-escalating protocols with initial 
low doses [76]. These findings were inconsistent with results of dose comparison 
trials carried out later where no direct dose-related anti-KS effect was found for 
high or moderate IFN doses; a daily dose of 10 MIU was found to be safe and 
effective [77]. 

In addition to its antiproliferative effects, IFN-a has direct antiretroviral and, 
according to some studies, indirect antibacterial and antifungal effects which may 
influence the biological course of KS, e.g., via the regulation of the cytokine sys- 
tem. IFN-a induces antiretroviral activities by a reduction in viral nucleic acid 
synthesis and progeny virion production in HIV-infected monocytes [78]. These 
antiretroviral activities might be reduced by HIV-i-encoded TAT and REV pro- 
teins [79]. Recently a new IFN-induced factor, Staf-50 (stimulated transacting 
factor) that suppresses human immunodeficiency virus type 1 (HIV-i) long termi- 
nal repeat expression, has been reported [80). 
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IFN-a restores at least in part the reduced IL-8 release of HIV-infected cells in 
vitro. In addition to the antiviral activity this effect may be beneficial with respect 
to prevention or treatment of bacterial or fungal infections in HIV-infected pa- 
tients [81]. 

IFN Combinations with NudeosideAnaiogues 

When the first nucleoside analogue (zidovudine) for antiretroviral treatment 
became available, combinations of zidovudine and IFN were investigated for anti- 
KS effects in different protocols. Such combinations had an enhanced efficacy for 
the treatment of AIDS-related KS [82, 83]. Response rates of up to 82% were 
reported (complete response, 46%; partial response, 36%) without further tumour 
progression in the remaining patients [84]. Other studies found lower response 
rates (47% overall) in patients treated with IFN-a (18 MlU/day) and low doses of 
zidovudine (600 mg/day) [85] . In another study the anti-KS effectivity of IFN-a 
as maintenance therapy after cytotoxic chemotherapy was investigated. A phase 
I clinical trial found only moderate effects of IFN [86]. In patients who primarily 
responded to IFN-a treatment, long-term maintenance IFN therapy with mod- 
erately high doses (18 MlU/day) was effective and safe [87]. Although this high- 
dose treatment appeared to be safe, many patients complained about reduced 
quality of life due to B symptoms (fever, weight loss, night sweats) on IFN doses 
exceeding 5 MlU/day. Therefore, several protocols investigated the anti-KS effect 
of more tolerable IFN-a doses varying between 1 and 8 MlU/day. 

IFN Combinations with Cytotoxic Chemotherapy 

Several treatment combinations of IFN-a and cytotoxic chemotherapy have been 
reported. Treatment combinations with cytotoxic chemotherapy (VP-16) did not 
improve response rates in one study [88], whereas other trials found an increased 
effectivity of combinations with cytostatic drugs [89, 90]. A third study showed 
that the effects of a combination of IFN and etoposide are additive [91] . Up to now 
there has been no convincing evidence that the combination of IFN-a with 
cytotoxic chemotherapy is superior to IFN-a alone [92]. 

IFN Combinations with Radiotherapy 

There is only limited information available about the interaction of IFN treatment 
and radiotherapy. There has been one report on high-dose IFN treatment which 
significantly increased toxicity from radiation therapy [93]. 

Prognostic Parameters for Efficacy of IFN Treatment 

Already 10 years ago, retrospective analysis showed that KS treatment response 
rates were not only dependent on the kind of treatment and the dose of IFN, but 
also correlated with total lymphocyte counts, CD4-positive lymphocyte counts 
and the absence of prior opportunistic infection [76, 94]. KS patients with low CD4 
counts are much less likely to benefit from IFN treatment [95] . These results were 
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confirmed in another retrospective analysis of 96 KS patients [96]. A subset of 
KS patients, characterised by a lack of systemic B symptoms, an absence of prior 
opportunistic infection, and a relative preservation of immune function, appears 
to be most likely to benefit from IFN-a treatment. 

Low-Dose IFN-a Protocols 

In patients with CD4 counts above 200/pl, high response rates sustained over a 
time period of 6 months were observed [97, 98] ; see selected results from IFN stud- 
ies in Table 4). We performed a prospective study on patients with KS and CD4 
counts >20o/pl. In this patient group, a low-dose IFN-a-2b treatment (3x3 MIU/ 
week) in addition to previous zidovudine treatment (250 mg, b.i.d.) achieved 



Table 4. Selected studies with IFN-alpha plus zidovudine or bleomycin published in 1993-1995 



Study 


Pat. 


Co-medi- 


IFN 


IFN dose 


Treatment Observation OR 


CR 


PR 


in) 


cation 






(months) 


(months) 


(%) 


(%) (%) 


Rosenthal 


NA 


13-cis- 


alpha 2a 


6 MlU/m^ 


2 


NA 


NA 


NA 


NA 


et al. [99] 




retinoic 

acid 




day 












Schmilovich 


41 


ZDV 500 mg 


alpha 2b 


3x1 MIU/ 


3 


NA 


47.5 


16 


31.5 


et al. [100] 




(simultan- 

eously) 




week 
















ZDV 500 mg 


alpha 2 b 


3x1 MIU/ 


3 


NA 


36.3 4.5 


31.8 






(later) 


week 












Beaulieu 


118 


ZDV 500 mg 


alpha 


1 MlU/d 


4 


NA 


29 


NA 


NA 


et al. [98] 




ZDV 500 mg 


alpha 


8 MlU/d 


4 


NA 


15 


NA 


NA 


Opravil 


12 


ZDV 


alpha 2a 


9 MlU/d 


4.3 


15.9 


NA 


NA 


NA 


etal. [102] 


10 


2x250 mg 
ZDV 2x250 






4.3 


11.7 


NA 


NA 


NA 






mg plus 
Bleo 15 mg 
every 2 weeks 
















Shepherd 


81 


ZDV 


alpha 


1 or 8 


4 


NA 


45 


4 


41 


etal. [130] 




2x250 mg 




MlU/mVd 












Podamczer 


40 


ZDV 500- 


alpha 2b 


20 MlU/d 


3 


14 


45 


NA 


NA 


et al. [131] 




800 mg 
ZDV 500- 


alpha 2b 


10 MlU/d 


3 


14 


42.5 


NA 


NA 






800 mg 
















Mauss 


17 


ZDV 


alpha 2b 


3X3 MIU/ 


24 


24 


65 


18 


47 


et al. [105] 




2x250 mg 




week 













OR, overall response; CR, complete response; PR, partial response; ZDV, zidovudine; Bleo, 
bleomycin; NA, not available. 
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overall response rates of 65%, lasting more than 24 months in four patients [104]. 
Response to treatment was strongly dependent on pre-treatment CD4 counts. 
Responses occurred only in patients with pre-treatment levels higher than 250 
CD4 lymphocytes per pi. The treatment was generally well tolerated and with- 
out severe haematological side effects attributable to the addition of IFN-a-2b to 
zidovudine treatment [105]. Responding patients have remained on unchanged 
low-dose IFN treatment for up to 5 years now with a stable KS response. 

In addition to these clinical data which confirm that KS response to IFN 
strongly depends on the pre-therapeutic CD4 status of the patient, in vitro 
studies showed that the antiproliferative effects of IFN do not only depend on 
the “CD4 status” but also on distinct drug sensitivities in different KS. This 
has been shown in KS cell lines from different KS types in vitro [106]. This 
may explain the difficulties in predicting tumour response in individual 
patients and also helps to explain the different anti-KS effects observed in 
different studies. In addition to variable responses for different KS cell lines 
it was shown only a few months ago that KS presents in very distinct histo- 
logic and immunophenotypic differentiation correlating with invasion and 
dissemination of the tumour [107]. 

IFN-p 

The immunmodulating properties of IFN-p have been investigated in several 
clinical trials whereas in vitro experiments have evaluated the anti-HIV activi- 
ties of various IFN preparations. In comparative studies it was shown that 
recombinant lFN-a,lFN-p,and leukocyte-derived IFN-a have similar concentra- 
tion-dependent antiviral activities whereas recombinant and lymphocyte-derived 
IFN-y has only minimal antiviral activity against HIV replication in normal 
mononuclear peripheral blood cells [108] . However, in vivo studies failed to show 
a relevant antiretroviral effect for IFN-P [109]. In the mouse, murine and human 
IFN-p inhibited tumour-induced angiogenesis in species-specific fashion. IFN-a, 
-P, and -y suppressed lymphocyte-induced angiogenesis without inhibiting the 
replication of tumour cells. From these results IFN-P appeared to be another can- 
didate for antiretroviral and anti-KS treatment [no]. 

Studies on the effects of IFN-P in HIV-associated KS have yielded conflict- 
ing data. Some investigators reported antiproliferative effects in KS in AIDS pa- 
tients treated systemically with different doses of IFN-P (6 MIU t.i.w. up to 90- 
180 MlU/day) mostly in addition to zidovudine [111-113]. Others found only 
minor or no [114, 115] antiproliferative effects of IFN-p on AIDS-associated KS. 
Overall the anti-KS effects of systemically administered IFN-P have been investi- 
gated to a lesser extent than IFN-a; however, according to published data IFN-P 
appears to be inferior to IFN-a. 

IFN-y 

In comparison with IFN-P which has been shown to have some anti-KS effect in 
AIDS patients, IFN-y was found to be ineffective in AIDS-related KS [116] or even 
to induce KS progression [117-119]. 
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Topical treatment 

Intralesional IFN treatment directly injected into KS has been proven to be 
effective in several studies. In comparative prospective studies, intralesional IFN-a 
(1-2.5 MIU 3 times weekly) produced a high response rate (overall response of 
82.5%) in injected lesions. However in two comparative trials it failed to demon- 
strate a superior efficacy over placebo [120, 121]. In one study sublingual applica- 
tion of IFN-a resulted in a good tumour response in one patient [122]. 



Summary 

Options to handle different types of KS range from observation to local therapy with 
cosmetic makeup, cryotherapy with liquid nitrogen, local intralesional injection of 
agents, radiotherapy, systemic cytotoxic chemotherapy or IFN treatment [1]. Most 
of the more recent knowledge about the disease comes from AIDS-associated KS. 
According to etiopathogenetic and clinical data, KS is a systemic disease which is 
progressive after onset in most patients. With the exception of a localised manifes- 
tation, topical treatment appears to be inadequate. Topical treatment is an option 
in patients with disfiguring or stigmatising KS lesions with only minor progression. 

Most patients, especially patients with HIV-associated KS, should be treated 
systemically and early. IFN-a treatment alone results in response rates of 30%- 
50%. The effectivity can be further improved by combining IFN-a with antiretro- 
viral treatment. The advantage of systemic treatment with IFN is the lack of the 
immunosuppressive effects observed in systemic cytotoxic chemotherapy. Fur- 
thermore, IFN has synergistic interference with antiretroviral effects. IFN-a treat- 
ment has been shown to be safe and efficacious in KS, even in long-term low-dose 
protocols. The knowledge of the pathogenetic pathway of angiogenesis of the 
tumour, the possible role of growth factors, such as the HI V-transactivating gene 
product TAT, and a dysregulation of different cytokines and oncogenes provide 
a rational basis for a cytokine-modulating treatment. IFN interferes with the dis- 
turbed cytokine system of HIV positive patients. Several immunomodulating and 
antiretroviral activities of IFN-a, such as the rise in the number of CD4+ cells, 
the increase in p^-microglobulin serum concentrations and the reduction in the 
amount of p24 antigen, have been documented in clinical trials in HIV-infected 
patients. Due to its different modes of action (antiretroviral, antiviral, immuno- 
modulatory, antiproliferative) IFN-a has been studied to a greater extent than 
IFN-P or IFN-y. Results of IFN studies in patients with HIV-associated KS are in 
favour of IFN-a. In addition to this, IFN-a is indicated for several clinical condi- 
tions besides KS in HIV-infected patients such as concomitant viral infections 
(hepatitis C, B; HSV, etc.) or HIV-associated non-Hodgkin's lymphoma. 
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CHAPTER 14 



interferons in the Treatment of Genitourinary Tumors 

B. J. Schmitz-Drager, E Jankevicius, and R. Ackermann 



Introduction 

The observation of an antiproliferative property of interferons alpha (IFN-alpha) 
and beta (IFN-beta) against a variety of tumor cell lines in vitro as well as against 
experimental tumor models in animal experiments has stimulated the investiga- 
tion of these cytokines in the treatment of human malignancy. Looking at the 
innumerous case reports and studies reported so far the rationale for using 
interferons in the treatment of genitourinary tumors appears to be complex and 
hard to understand at least in some cases. In the majority of trials interferons have 
been used in desperate situations in the hope of achieving a miracle. Since dos- 
age, administration intervals, and the route of application have not yet been prop- 
erly defined, it is not surprising that interferon treatment could not meet the 
expectations of patients and physicians. This has resulted in considerable dis- 
appointment and frustration which has again stimulated the search for new magic 
drugs, i.e., newly identified interleukins. 

The purpose of this article is not only to summarize the state of the art in the 
treatment of genitourinary tumors with interferons but also to disclose the omis- 
sions that have been made in the past. Furthermore, it should demonstrate ad- 
equate tumor entities and treatment concepts thus stimulating further analysis 
of the potential of interferons, especially in the therapy of renal cell carcinoma 
and transitional cell carcinoma. 



Interferon in the Treatment of Renal Cell Carcinoma 

Epidemiology 

The incidence of renal cell carcinoma (RCC) is increasing in the United States as 
well as in other industrialized countries around the world. According to the Con- 
necticut Tumor Registry, the incidence of RCC increased in females from 0.7/ 
100 000 in 1935-1939,10 4.2/100 000 in 1985-1989, and in males from 1.6/100 000 
in 1935-1939 to 9.6/100 000 in 1985-1989. From these data it was concluded that a 
further increase in the frequency of RCC is likely within the immediate future, 
predominantly in females [81]. 

The carcinogenesis of RCC is poorly understood. Cigarette smoking is a risk 
factor consistently linked to RCC by both epidemiological case control and cohort 
studies [29]. Besides smoking, obesity remains the only other risk factor which is 
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fairly well established. The association between obesity and RCC appears to be 
stronger and more consistent in women than in men [97] . A significantly increased 
risk of RCC was found to correlate with the consumption of several types of food 
including red meat, high-protein food, and staple food [26], characterizing RCC as 
one of the major cancers of affluent societies. Furthermore, an increasing incidence 
of RCC among users of diuretics has been observed in the United States in the past 
25 years. This finding has been confirmed by recent studies reporting a statistically 
significant association between RCC and prescription of diuretics [51]. 

Recently, a study on occupational risk factors of RCC was conducted in France. 
In women, none of the risks investigated were significant. Among men, after 
adjustment for educational levels, cigarette smoking, and the Quetelet index 
before diagnosis of RCC, significantly increased matched odds ratios were found 
for sales workers, managers, textile workers and tailors [9]. 

Several investigators have reported on the association between RCC and von 
Hippel-Lindau (VHL) disease. VHL disease is an autosomal dominant syndrome 
with a prevalence of heterozygotes of 1 in 50 000. VHL patients have retinal, cer- 
ebellar, and spinal hemoangioblastomas together with RCC and pheochromocy- 
toma as well as renal, pancreatic, and epididymal cysts. The risk for the develop- 
ment of renal cancer increases steadily with age and is as high as 70% by the age 
of 60 years in these patients [108]. Genetic and molecular studies in VHL fami- 
lies have led to the identification of the gene responsible for the most common 
form of hereditary RCC. The VHL gene, located on chromosome 3, appears to 
function as a tumor suppressor gene and is mutated in the germ line of patients 
with VHL and also in nearly half of the patients with sporadic clear cell RCC [56]. 
An understanding of the mechanisms inactivating the VHL gene may provide a 
clinical approach for early diagnosis and therapy of RCC [185]. 



Diagnosis 

Ultrasound (US) is a noninvasive, relatively inexpensive examination most widely 
utilized for the primary diagnosis of a renal mass. Computed tomography scan 
(CT) and magnetic resonance imaging (MRI) are used for diagnosis as well as 
staging. Used to visualize the renal hilus, perinephric space, renal vein and vena 
cava, regional lymph nodes, and adjacent organs, CT and MRI provide excellent 
imaging and staging information. It has been reported that MRI may be more 
accurate than CT with respect to the examination of the perinephric extension 
and renal vein or vena cava involvement. Furthermore, MRI does not utilize ion- 
izing radiation [39]. Renal angiography is no longer essential in the diagnosis and 
staging of RCC but may be of value in patients with a RCC in a solitary kidney 
when partial nephrectomy is contemplated. 



Staging 

The Robson staging system is still widely used especially in the US [143]. How- 
ever, since it combines patients with lymph node metastases and patients with 
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Table 1. Staging system by TNM [70] 



T Primary tumor 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor 2.5 cm or less in greatest dimension, limited to the kidney 
T2 Tumor more than 2.5 cm in greatest dimension, limited to the kidney 
T3 Tumor extends into major veins or invades adrenal gland or perinephric tissues but not 
beyond Gerota's fascia 

T3a Tumor invades adrenal gland or perinephric tissue but not beyond Gerota's fascia 
T3b Tumor grossly extends into renal vein(s) or vena cava 
T3c Tumor extends into vena cava above the diaphragm 
T4 Tumor invades beyond Gerota ' s fascia 

N Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph nodes metastasis 

N1 Metastasis in a single lymph node 2 cm or less in the greatest dimension 
N2 Metastasis in a single lymph node more than 2 cm but less than 5 cm in the greatest di- 
mension or multiple lymph nodes, none more than 5 cm in greatest dimension 
N3 Metastasis in lymph node more than 5 cm in greatest dimension 

M Distant metastasis 

MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
Ml Distant metastasis 



venous invasion in stage C.this classification is the subject of much criticism.The 
TNM staging system for RCC (Table 1) defines more accurately patients with 
lymph node metastases, who have a significantly worse prognosis, and permits 
the discrimination of patients with involvement of vena renalis or caval vein, 
whose prognosis is much better [102]. These advantages are the basis for the 
international acceptance of the TNM system. 



Standard Therapy 

Radical nephrectomy, introduced by Robson [143], is still the only curative therapy 
for localized RCC. The concept of radical nephrectomy encompasses the basic 
principles of early ligation of the renal artery and vein, removal of the kidney with 
the adherent Gerota's fascia, removal of the ipsilateral adrenal gland, and per- 
formance of regional lymphadenectomy from the crus of the diaphragm to the 
aortic bifurcation. During the past decade, controversy has arisen regarding the 
necessity of this radical approach in all patients. Recent studies suggest that the 
removal of the ipsilateral adrenal gland is only required if direct extension of the 
tumor into the gland is suspected (upper pole tumor or very large tumor; [157])- 
The therapeutic value of complete regional lymphadenectomy also remains a 
matter of discussion and is currently being investigated in a prospective rando- 
mized trial conducted by the EORTC. 
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Nevertheless, the introduction of radical nephrectomy has led to 5i%-ioo% 
5-year survival rates in patients with organ-confined RCC (Table 2). However, in 
approximately 25%-3o% of patients presenting with metastatic disease [162, 103] 
the benefit of surgery is limited The median survival time for patients with meta- 
static RCC is approximately 10 months [31] and less than 10% survive for more 
than 5 years (Table 2). A small number of patients with metastatic disease have 
solitary metastases. The resection of solitary metastases in combination with 
nephrectomy maybe beneficial in selected patients [86]. 

Table 2. 5-year survival rates in patients with localized and metastatic renal cell carcinoma 



Survival (%) 



Study 


Localized RCC 


Metastatic RCC 


Robson et al. 1969 [143] 


64-66 


11 


McNichols et al. 1981 [116] 


51-67 


14 


Bassil et al. 1985 [11] 


91-100 


18 


Yanagawa et al. 1991 [184] 


54-82 


4 


Jarrar 1994 [79] 


69-83 


13 


Ljungberg et al. 1995 [102] 


92 


8 



Interferon Treatment of Renal Cell Carcinoma 

Malignant melanoma and metastatic RCC are the tumor entities with the high- 
est rate of spontaneous tumor regression. Although spontaneous tumor regres- 
sion is only seen in less than 1% of patients with metastatic RCC, this observa- 
tion suggests a sensitivity of RCC to host immunological control. Therefore, this 
phenomenon and the resistance of advanced disease to other treatment modali- 
ties, e.g., chemotherapy, hormonal therapy, or radiation therapy, have stimulated 
the development and evaluation of a variety of clinical approaches encompass- 
ing the activation of the host immune system. The advent of biological response 
modifiers such as interferon, interleukin-2 (IL-2) and tumor necrosis factor (TNF), 
and the availability of these factors due to the development of recombinant DNA 
technology has dramatically changed the treatment of patients with metastatic 
RCC in recent years. 

Interferons are a family of cytokines that are produced by a variety of cell types 
in response to viral infections. Three classes of interferons have been identified 
so far. IFN-alpha is physiologically produced by leukocytes. There are at least 24 
genes related to the IFN-alpha family with an 8o%-95% amino acid homology. 
Although structurally distinct, there is no evidence that the different types of IFN- 
alpha are functionally distinct. IFN-beta is produced by fibroblasts and is the 
product of a single gene located on chromosome 9. IFN-gamma is produced by 
human T lymphocytes. The IFN-gamma gene is located on chromosome 12. IFN- 
alpha and IFN-beta have been shown to bind to the same receptors. In addition 
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to exerting antiviral effects, interferons have also been shown to have antipro- 
liferative and immunomodulatory activities [93]. Because of these properties, 
these compounds have been extensively tested as antineoplastic drugs in a vari- 
ety of solid tumors, including breast, colon, ovary, lung, urinary bladder, and kid- 
ney cancer, and melanoma. Various interferons have also been examined in 
patients with metastatic renal cell carcinoma. 

Natural Interferon 

The first reports on the use of natural human leukocyte IFN-alpha in advanced 
RCC were published in 1983 and 1985. As seen in Table 3, the treatment results 
ranged from no tumor response in the study by Magnusson et al. [107] to a 26%- 
27% overall response rate achieved by Quesada et al. [136] and Edsmyr et al. [41]. 
It should be mentioned that partially purified human leukocyte IFN-alpha was 
used in the latter two studies. Therefore, the presence and interference of other 
cytokines cannot be ruled out. 



Table 3. Results of immunotherapy of metastatic RCC with natural interferon* 



Study 


Dose 

(MU)'’ 


Schedule 


Patients 

(n) 


Response 

(%) 


Magnusson et al. 1983 [107] 


4-16 


Daily 


7 


0 


de Kernion et al. 1983 [32] 


3 


5 Times/week 


43 


16 


Quesada et al. 1983 [136] 


3 


Daily 


19 


26 


Edsmyr et al. 1985 [41] 


3 


Daily 


11 


27 


Kirkwood et al. 1985 [88] 


10 


Daily 


16 


19 



“ Given intramuscularly. 

•’ 1 MU = 1 X 10‘ international units. 



A prospective randomized trial comparing low versus high doses of natural 
human IFN-alpha (1 x 10* U/day for 28 days versus 10 X 10* U/day for 28 days) was 
carried out by Kirkwood and coworkers in 30 patients with metastatic RCC [88]. 
Most responses occurred in the group of patients who received the high dosage 
(19%), suggesting a dose-related efficacy of natural IFN-alpha. 

Recombinant Interferon 

Since the early 1980s, recombinant DNA technology has provided sufficient amounts 
of cytokines and numerous phase II studies of metastatic RCC have been carried 
out, mostly with recombinant IFN-alpha (rlFN-alpha). Table 4 summarizes the 
results of rIFN-alpha therapy in metastatic RCC. The analysis of those trials dem- 
onstrates that both rlFN alpha-2a and rIFN alpha-zb clearly display an antitumoral 
activity. A dose-response relationship was reported by Quesada et al [137] who 
randomized 56 patients with metastatic RCC to receive either 2 or 20 x io‘ lU rIFN- 
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Table 4. Results of immunotherapy of metastatic renal cell carcinoma with recombinant IFN- 
alpha‘ 


Study 


Dose 

(MU) 


Schedule 


Patients 

(n) 


Response 

(%) 


Quesada et al. 1985 [137] 


2/m^ 


Daily 


15 


0 




20/m^ 


Daily 


41 


29 


Umeda and Niijima 1986 [168] 


6-10 


5 Times/week 


45 


18 


3-36 


Daily 


108 


14 


Kempf et al.l986 [84] 


2/m^ (s.c.) 


3 Times/week 


10 


0 


30/m^ (i.v.) 


5 Times/week 


10 


10 


Figlin et al. 1988 [49] 


3-36 


5 Times/week 
1/52 


19 


26 


Foonetal.1988 [52] 


2/m^(s.c.) 


3 Times/week 


21 


5 


Otto etal. 1988 [128] 


1 


3 Times/week 


42 


17 


Porzsolt et al. 1988 [133] 


2 (s.c.) 


d 1-5 q 1/52 


18 


11 


Marshall et al. 1989 [113] 


1 (s.c.) 


Daily 


16 


25 


Fossa et al. 1992 [54] 


18 


3 Times/week 


53 


11 


Kosmidis et al. 1992 [89] 


15 (s.c.) 


3 Times/week 


26 


15 


deMulder et al. 1995 [34] 


10/m^ (s.c.) 


2 Times/week 


53 


13 



’ Given intramuscularly unless stated otherwise. 



alpha/m^ body surface (Table 4). No remissions were observed in those patients 
receiving the low dose. In contrast, 29% of the patients in the high dose arm achieved 
either complete (CR) or partial remission (PR). These data do not agree with re- 
sults reported by Otto et al. who observed objective responses in 17% of patients 
treated with rIFN-alpha at a dose of only 1 MU three times weekly [128]. 

In order to define the optimal route of administration, Kempf et al. [84] 
randomized 26 patients with metastatic RCC to receive rIFN either subcutane- 
ously (2 X 10® lU/m^ three times a week) or intravenously (3 x 10^ lU/m^ for 5 
consecutive days every 2-3 weeks). Only one patient had an objective response 
(CR) in the group of patients receiving intravenous TFN.The different doses used 
in the two arms do not allow definitive conclusions to be drawn from this study. 

In a large multicenter study carried out at 44 institutions in Japan [168] 153 RCC 
patients were examined to evaluate the clinical efficacy of rIFN-alpha. Objective 
responses were seen in 15% of 153 assessable patients. It is remarkable that the 
range of response rates achieved in a great number of studies fluctuates only 
between 10% and 25%. A 13% overall response rate was observed in the rIFN-alpha 
arm of a recent randomized phase III trial conducted by the EORTC in patients 
with advanced RCC [34]. 

The results of immunotherapy with lymphoblastoid IFN, presented in Table 5, 
and are similar to those obtained with rIFN-alpha. Recently, promising results 
were achieved in a study by Neri et al. [124] , who combined human lymphoblastoid 
IFN with melatonin, a hormone regulated by the pineal gland, in 22 patients with 
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Table 5. Results of immunotherapy of metastatic renal cell carcinoma with human lympho- 
blastoid interferon” 



Study 


Dose 

(MU) 


Schedule 


Patients 

(n) 


Response 

(%) 


Neidhart et al. 1984 [122] 


5/m^ 


3 Times/week 


33 


15 


Umeda and Niijima 1986 [168] 


5 


Daily 


73 


23 


Eisenhower et al. 1987 [43] 


30 100 (i.v.) 


Weekly 


37 


11 


Fujita and Fukushima 1992 [57] 


3 


6 Times/week 


16 


31 




1 


6 Times/week 


15 


20 



“ Given intramuscularly unless stated otherwise. 



advanced RCC. A 33% response rate was reported, including three CR in patients 
with lung and soft tissue metastases. 

Reports on the use of rIFN-beta in the treatment of RCC are infrequent. IFN- 
beta binds to the same membrane receptor as IFN-alpha. IFN-beta is tolerated at 
a dose five- to ten-fold higher than the maximum tolerated doses reported for 
IFN-alpha. However, even given at high doses, the response rates reported for IFN- 
beta were not higher than those reported for IFN-alpha [87]. 

The antitumor effects of IFN-gamma against RCC are considered to be exclu- 
sively based upon indirect immunomodulatory effects: expression of major histo- 
compatibility complex (MHC) antigens, modulation of cell differentiation, and 
activation of cytotoxic T-lymphocytes, natural killer (NK) cells, and macrophages 
[61]. In particular, the strong immunomodulatory in vitro effects at a relatively 
low dose stimulated numerous phase I/II clinical trials. Two recent studies by 
Hofmockel et al. and Aulitzky et al., however, demonstrated that low-dose IFN- 
gamma therapy is ineffective in RCC [74, 8] . Summarizing the results obtained by 
several investigators, it is obvious that despite the potent immunomodulatory 
activity of IFN-gamma, the average response rate in patients with metastatic RCC 
is only approximately 8% (Table 6). 

Topical administration of IFN-gamma appears to be an interesting approach 
to combine high-drug concentration at the tumor site with low systemic side 
effects. Recently, preliminary results on the inhalation of IFN-gamma in RCC 
patients with pulmonary metastasis were reported by Kawata and coworkers. One 
of the three patients achieved a CR of multiple lung metastases after one course 
of daily inhalation of 6 MU rIFN-gamma [82]. 

The unsatisfactory results obtained with interferon monotherapy stimulated 
the conduction of several trials combining IFN-alpha and IFN-gamma (Table 7). 
Theoretically, a combination of the different biological properties of these 
cytokines should provide some improvement in the clinical results [138, 62, 44, 33] . 
In earlier studies using this combination a response rate of approximately 25% 
was observed. However these results were not reproduced in the recent prospec- 
tive randomized phase III trial conducted by the EORTC. This trial was designed 
to investigate the possible advantage of the addition of rIFN-gamma to rIFN-alpha 
treatment and included 102 RCC patients. An interim analysis showed a response 
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Table 6. Results of immunotherapy of metastatic renal cell carcinoma with IFN-gamma 


Study 


Dose 

(MU) 


Schedule 


Patients 

(n) 


Response 

(%) 


Takaku et al. 1987 [164] 


8-12 (i.v/i.m.) 


Daily 


32 


6 




40 (i.v.) 


d 1-5 q 2/52 


30 


20 


Garnick et al. 1988 [60] 


0.2-60 (i.v.) 


d 1-7 q 3/52 


41 


10 


Otto etal. 1988 [128] 


100-500 pg/m^ 


3-5 Times/week 


27 


30 


Kuebler et al. 1989 [92] 


0.25 (c.i.v.) 


Daily (4 wks) 


27 


0 


Brunstch et al. 1990 [18] 


1 (i.v) 


Daily 


40 


3 


Hofmockel et al. 1993 [74] 


50 pg (s.c. ) 


5 Times/week 


24 


4 


Kawata et al. 1994 [82] 


1-2 (inhaled) 


3 Times/day 


3 


30 


Aulitzky et al. 1994 [8] 


100-400 pg (s.c.) 


Daily 


36 


2 



Table 7. Results of a combination of IFN-alpha with IFN-gamma in the treatment of metastatic 
renal cell carcinoma 



Study 


Patients 

in) 


Response 

(%) 


Quesada et al. 1988 [138] 


31 


25 


Geboers et al. 1988 [62] 


24 


25 


Foon etal. 1988 [52] 


NA" 


5 


Ernstoff et al. 1990 [44] 


30 


26 


deMulder et al. 1990 [33] 


31 


25 


deMulder et al. 1995 [34] 


42 


4 



“ NA, not available 



in 13% of patients in the rlFN-alpha monotherapy arm and in only 4% of patients 
in the combination arm [34]. 

Combination ofiFN-aipha with Vinbiastine and Other Chemotherapy Agents 

The rationale for combining cytokines and cytostatic drugs is two-fold. Firstly, 
the different types of antitumoral reactions suggest a synergistic effect of these 
different therapeutic agents. Secondly, several cytostatic drugs have been shown 
to mediate inhibitory effects against suppressor T cells. This inhibition has been 
found to augment in vitro the specific antitumor reaction of IFN-alpha. Various 
cytotoxic agents have been combined with several types of interferons. So far, 
vinblastine ( VBL), known to produce the highest single-agent response rates in 
metastatic RCC,has been most commonly combined with interferons (Table 8). 
In the initial trials combining IFN and VBL using different doses and routes of 
administration, response rates between 13% and 42% were reported [14, 48, 53, 115, 
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Tabie 8. Results of a combination of interferon and vinblastine in metastatic renal cell carci- 



noma 


Study 


Patients 

in) 


Response 

(%) 


Figlin et al. 1985 [48] 


23 


13 


Neidhart et al. 1987 [123] 


82 


11 


Fossa and DeGaris 1987 [53] 


40 


25 


Bergerat et al. 1988 [14] 


40 


43 


Schornagel et al. 1989 [153] 


54 


19 


Massidda et al. 1991 [115] 


42 


14 


Fossa et al. 1992 [54] 


66 


24 


Lopez-Hanninen et al. 1993 [104] 


20 


15 


Pizzocaro et al. 1993 [132] 


14 


30 


Kriegmair et al. 1995 [90] 


41 


20 


Paolorossi et al. 1995 [131] 


13 


15 



123, 153]. In 1992 Fossa et al. [54] reported the results of a randomized European 
multicenter study on 178 RCC patients treated with IFN-alpha alone or in com- 
bination with VBL (0.1 mg/kg i.v. every 3 weeks). The response rate was 11% for 
IFN alone and 24% for IFN plus VBL; this difference was not significant. In a more 
recent randomized trial, the administration of IFN-alpha and VBL in combina- 
tion was compared to medroxyprogesterone acetate in 76 RCC patients [90]. The 
overall response rate in 41 patients receiving IFN-alpha and VBL treatment was 
20%, while no remissions were observed in those 35 patients receiving medroxy- 
progesterone acetate. Apart from fever, only mild to moderate toxicities were 
observed. It should be mentioned that protocol violations were reported in ap- 
proximately one-third of the patients treated with IFN and VBL, who refused the 
treatment according to the protocol because of general malaise and fatigue. There 
were no statistically significant survival benefits for the IFN-alpha and VBL group. 
Therefore, the authors concluded that this therapy does not meet the requirements 
of a palliative treatment for metastatic RCC. 

The combination of IFN and VBL as a second line therapy was investigated in 
patients with advanced metastatic RCC after they failed to respond to IFN-alpha 
or IL-2/lFN-alpha therapy or underwent a relapse, in an attempt to evaluate the 
effect of VBL in this combination. However, the results suggest that VBL did not 
add to the efficacy of interferon in this group of patients [104] . Recently, Paolorossi 
reported the results of IFN-alpha/VBL combination therapy in 13 patients whose 
condition had progressed under subcutaneous IL-2 immunotherapy. A PR was 
achieved in two of 13 (15%) patients; the disease was stable in another five patients. 
The tumor response rate was comparable to that reported with a first line therapy, 
and so the authors concluded that previous IL-2 immunotherapy does not influ- 
ence the efficacy of IFN/VBL therapy in patients with metastatic RCC [131]. 
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In vitro studies suggested a synergistic activity of interferon and 5-fluorour- 
acil (5-FU) in human cancer cell lines [178] and several phase I-II trials have evalu- 
ated the effects of this combination in metastatic RCC (Table 9). However, the first 
results were disappointing. No objective response was seen in 14 patients with 
metastatic RCC treated with a 5-FU (750 mg/m'‘ per day) continuous infusion, 
followed by the subcutaneous administration of IFN-alpha-2a [121]. In another 
trial, patients were treated with escalating doses of floxuridine (FUDR) up to the 
dose-limiting toxicity combined with IFN-alpha-2b. An overall response in five 
out of 15 assessable patients (33%) was observed. However 55% of patients expe- 
rienced WHO toxicity grade 2 or more if more than 0.125 mg FUDR/kg per day 
was given [46]. Haarstad et al. conducted a trial in patients with metastatic RCC 
combining recombinant IFN-alpha, 5-FU and prednisone [69]. Prednisone was 
administered in order to decrease the IFN-alpha-related toxicity. A 23% overall 
response rate was observed in 31 patients, with a median response duration of 11 
months. These response rates, however, appear to be similar to those seen in 
patients on IFN-alpha monotherapy. Similar results were observed by Noguchi et 
al.[i25]. Although the combination of IFN-alpha and 5-FU yields objective tumor 
remission in some patients with metastatic RCC, a significant mainly gastro- 
intestinal toxicity must be anticipated. 

Table 9. Results of a combination of IFN-alpha with other cytotoxic drugs in metastatic renal 



cell carcinoma 


Study 


Regimen 


Patients 

(«) 


Response 

(%) 


Schiller et al. 1989 [148] 


IFN + COPA 


6 


16 


Murphy et al. 1992 [121] 


IFN + 5-FU 


14 


0 


Falcone et al. 1993 [46] 


IFN + FUDR 


15 


33 


Haarstad et al. 1994 [69] 


IFN + 5-FU -1- PRED 


31 


23 


Panetta et al. 1994 [130] 


IFN + VBL 3- EPI 


35 


26 


Noguchi et al. 1995 [125] 


IFN + 5-FU 


8 


25 



COPA, cyclophosphamide, vincristine, prednisone, doxorubicin; 5-FU, fluorouracil; 
FDUR, floxuridine; PRED, prednisone; VBL, vinblastine; EPI, epirubicin. 



Only a few reports on the combination of IFN-alpha with cytotoxic agents other 
than VBL or 5-FU are available [148, 130] .A combination of IFN-alpha with VBL, 
epirubicin, and medroxyprogesterone acetate was shown to have a modest but 
definite effect in RCC patients [130]. However, further studies are needed to iden- 
tify the active component(s) of this combination. 



IFN-alpha in Combination with IL-2 

IL-2 is produced by activated T-cells and has a wide variety of actions, inducing 
the growth of activated T-cells, lymphokine production by T-cells and cytotoxic 
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T-cell activity. In 1987 Rosenberg et al. reported impressive clinical results with 
IL-2 in 72 patients with metastatic RCC [144]. A total response rate of 35% with 
the maximum tolerated dose of IL-2 i.v. infusion was documented. However, IL-2 
treatment was associated with significant toxicity, requiring intensive vasopressor 
therapy in 70% of patients. 

Different modes of action and the synergistic effect of IL-2 and IFN-alpha in 
experimental murine models [76] prompted the investigation of combined IL-2/ 
IFN-alpha therapy. In 1989, Rosenberg et al. reported prehminary results of a phase I 
study in which a combination of i.v. high-dose bolus of IL-2 and IFN-alpha was 
tested. Among 35 patients with metastatic RCC a 31% response rate was noted [145] . 
Later, different phase I-II studies suggested that the overall response rate of 30% 
produced by this cytokine combination is at least comparable to the response 
produced by IL-2 alone (see Table 10). The advantage of this combination appeared 
to be that IL-2 and IFN-alpha can be given at lower doses without compromising 
the results in an outpatient setting [6,50,99,173]. However, these conclusions were 



Table 10. Results of a combination of IFNs with IL-2 in metastatic renal cell carcinoma 



Study 


Combination 


Patients 

(«) 


Response 

(%) 


Krigel et al. 1988 [91] 


IL-2 + IFN-beta 


24 


25 


Rosenberg et al. 1989 [145] 


IL-2 -1- IFN-alpha 


35 


31 


Bukowski et al. 1989 [19] 


lL-2 + IFN-alpha 


15 


26 


Markowitz et al. 1989 [112] 


IL-2 -1- IFN-alpha 


14 


21 


Redman et al. 1989 [141] 


IL-2 + IFN-gamma 


10 


0 


Mittelman et al. 1990 [118] 


IL-2 + IFN-alpha 


19 


21 


Lipton et al. 1990 [98] 


IL-4 + IFN-alpha 


12 


6 


Atzpodien et al. 1991 [6] 


IL-2 + IFN-alpha 


34 


29 


Figlin et al. 1992 [50] 


IL-2 + IFN-alpha 


30 


30 


Ilson etal. 1992 [78] 


IL-2 + IFN-alpha 


34 


12 


Fossa et al. 1993 [55] 


IL-2 + IFN-alpha 


16 


18 


Lipton et al. 1993 [99] 


IL-2 + IFN-alpha 


31 


41 


Bergmann et al. 1993 [15] 


IL-2 + IFN-alpha 


30 


30 


Vogelzang et al. 1993 [173] 


IL-2 + IFN-alpha 


42 


12 


Lissoni et al. 1993 [100] 


IL-2 + IFN-alpha 


15 


26 


Atkins et al. 1993 [5] 


IL-2 -1- IFN-alpha 


28 


11 


Raymond et al. 1993 [140] 


IFN-alpha + IL-2 


20 


20 


Maffezzini et al. 1994 [106] 


IL-2 + IFN-alpha 


12 


16 


Vuoristo et al. 1994 [177] 


IL-2 -H IFN-alpha 


16 


15 


Marincola et al. 1995 [111] 


IFN-alpha + IL-2 


75 


28 
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not reproduced by subsequent studies in which the IL-2/IFN-alpha regimen 
proved to be rather toxic and yielded minimal or modest antitumor activity [55, 
78, 177] . It should be noted that the dose of IL-2 and IFN-alpha as well as the routes 
of administration varied significantly in the majority of these nonrandomized 
studies. Thus firm conclusions regarding this combination could hardly be drawn. 

With the aim of investigating the effect of IFN in combination with IL-2, Lissoni et 
al. included 30 consecutive patients with metastatic RCC in a prospective rando- 
mized study [101]. Fifteen patients were treated with IL-2 s.c. therapy, while another 
15 patients were treated with IL-2 plus IFN-alpha. No significant difference in the 
partial response rate was found between patients treated with IL-2 alone and those 
given IL-2 plus IFN (five of 15 versus four of 15). Moreover, toxicity was higher in 
patients who received IL-2 plus IFN. In another prospective randomized study, 
Atkins et al. compared the efficacy of the combination of IFN-alpha and high-dose 
IL-2 versus IL-2 alone [5]. After 28 patients with metastatic RCC were entered into 
both study arms, the IL-2/IFN-alpha treatment was discontinued because of fail- 
ure to meet predetermined efficacy criteria. At this time the response rate was 11% 
in the IL-2/IFN-alpha group versus 17% in the IL-2 group. 

Recently, the long-term results of a phase II study combining IFN-alpha and 
IL-2 in patients with metastatic RCC were reported [111]. Seventy-five patients 
treated with escalating doses of IFN-alpha in combination with IL-2 were assess- 
able for toxicity and response. There were two treatment-related deaths. Several 
toxic side effects appeared to be triggered more frequently by the combination 
than usually seen with IL-2 alone; 

1. a moderate to severe elevation of serum AST levels (in 60% of the administered 

courses), which correlated with the amount of IFN-alpha administered; 

2. frequent CNS side effects; and 

3. an elevation of cardiac enzyme levels (15%). 

The overall response rate was 28% including 16% complete responses. 

The highest response rate was noted in the group of patients who received the 
highest dose of IFN-alpha (6 x 10* lU/m^ three times per day). The median 
duration of the potential follow-up interval was 65.8 months. There were nine 
long-term responses. The mean survival of all patients was 31.2 months, and the 
5-year survival rate was 25%. Despite a significantly increased response rate among 
the patients treated with the highest doses of IFN, no benefit regarding survival 
or toxicity was noted in this group. Based on these findings, the authors concluded 
that future studies on this combination treatment are not warranted. 

Recent clinical trials concerning the treatment of solid tumors with biologi- 
cal response modifiers have used recombinant human cytokines in combination 
with conventional chemotherapy. This biochemotherapy is based on preliminary 
data suggesting that IFN-alpha may modulate the cellular uptake and metabolism 
of other agents, resulting in an enhancement of their inhibitory activity [178] . The 
addition of cytostatic substances should reverse these effects. As can be seen in 
Table 11, the combination of IFN-alpha/IL-2 with different chemotherapeutic 
agents has been investigated in numerous phase I/II trials. It was demonstrated 
that pretreatment with a low dose of cyclophosphamide followed by IFN-alpha/ 
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Table 1 1 . Combination of IFN and IL-2 with other therapeutic substances in metastatic renal 



cell carcinoma 


Study 


Combination 


Patients 

(«) 


Response 

(%) 


Sznoletal. 1992 [163] 


1L-2+LAK+IFN+CY+DOX 


40 


20 


Wersall et al. 1993 [181] 


IFN + IL-2 + CY 


16 


13 


Atzpodien et al. 1993 [7] 


IL-2 + IFN + 5-FU 


35 


48 


Sella etal. 1994 [155] 


IL-2 + IFN + 5-FU 


21 


9 


Di-Lauro et al. 1995 [37] 


TP-5 + IFN + IL-2 


17 


0 



LAK, lymphokine-activated killer cell; CY, cyclophosphamide: DOX, doxorubicin; 

5-FU, fluorouracil; TP-5, thymopentin 

IL-2 therapy did not result in an increased response rate [181]. In contrast, the 
combination of IFN-alpha, IL-2, and 5-FU was reported to yield an overall objec- 
tive response rate of 48% among 35 patients with metastatic RCC. Remissions were 
observed in patients with a local relapse or metastases in lung, lymph node, bone, 
pleural cavity, kidney, and thyroid gland [98]. These excellent results, however, 
were not reproduced by subsequent studies in which the same drug combination 
in different dose schedules yielded only a 9% response rate [155] . The toxicity and 
clinical response rate with IL-2 and lymphokine-activated killer (LAK) cells com- 
bined with low doses of cyclophosphamide and doxorubicine sequenced with 
IFN-alpha was examined in 40 RCC patients. An overall response rate of 20% was 
observed. However, this regimen appeared to be rather toxic with a high rate of 
severe complications and four treatment-related deaths [163]. No objective 
responses were noted in another study which combined an IFN-alpha/IL-2 regi- 
men with the sequential administration of thymopentin [37]. 



Conclusion 

The conclusion that can be drawn from the innumerous phase I/II studies with 
various IFNs either alone or in combination with other agents is that IFN-alpha 
in particular has a definite antitumor effect in approximately 20% of the patients 
with metastatic RCC. Despite this effect, long-term survival appears to be rare. 
Although the design of the few studies examining the relation between dosage and 
response does not always allow conclusions to be drawn there is some evidence 
that higher doses are more effective. 

Prolonged therapy with IFN-alpha led to the formation of IFN-alpha neutral- 
izing antibodies within 3 to 6 months and caused a reduction in the IFN-induced 
increase in p^-microglobulin levels; it also led to a resistance to IFN-alpha therapy 
[3, 4] . However, the frequency of the development of neutralizing antibody to IFN 
varied with the IFN given. Particularly the seroconversion frequency was signifi- 
cantly higher in patients treated with recombinant IFN-alpha-za (22%-29%) than 
in patients treated with either IFN-alpha-zb (6%) or natural IFN-alpha (1%). 
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Furthermore, sera obtained from patients treated with either recombinant IFN- 
alpha-2a or -alpha- 2b neutralized both types of recombinant IFNs but failed to 
neutralize natural IFN-alpha [4, 176]. These data clearly demonstrate that 
recombinant IFN-alpha antibody-positive patients can effectively be treated with 
natural IFN-alpha [134]. 

It remains unclear why, despite a great number of studies published so far, no 
sufficient data are available regarding highly important issues such as treatment 
intervals or the route of administration Furthermore, whether inductive or 
adjuvant treatment is preferable remains a matter of speculation. Some animal 
data suggest that adjuvant nephrectomy before immunotherapy may, in fact, 
enhance tumor progression [167, 174]. 

Several authors addressed morbidity and mortality associated with surgical 
tumor debulking. As reported by Bennett et al. [13] only 23% of patients under- 
went systemic immunotherapy after nephrectomy. Progression of the disease, 
surgical mortality and morbidity were the factors preventing 77% of patients from 
undergoing adjuvant treatment. To determine the impact of surgery on the effect 
of immunotherapy, Rackley et al. [139] reviewed the treatment of 62 patients with 
metastatic RCC and the primary tumor in situ who qualified for a multimodal 
treatment comprising nephrectomy and immunotherapy (IL-2/IFN-alpha). Of the 
37 patients undergoing nephrectomy, 22% were unable to receive immunotherapy 
because of perioperative complications, medical contraindications, tumor pro- 
gression or death. Another 25 patients underwent initial biological response 
modifier therapy with secondary nephrectomy if an objective tumor remission 
was demonstrated. The overall response rates in the group of patients undergo- 
ing primary nephrectomy and in those patients receiving initial immunotherapy 
were 8% and 12%, respectively. The median survival rates in these groups were 12 
and 14 months, respectively. Unfortunately, the retrospective design of the study, 
the modest response rates and the different duration of the follow-up in the two 
groups precluded definitive conclusions regarding the relative efficacy of these 
two therapeutic concepts. There is a clear need for a prospective controlled com- 
parison of these two approaches in comparable patient subgroups with metastatic 
RCC [139]. 

Prognostic parameters predicting response and survival in patients with meta- 
static RCC treated with biological response modifiers are poorly understood. 
Nevertheless, an appropriate selection of patients could exclude many of these 
who will not benefit from immunotherapy. A careful selection of patients is man- 
datory to avoid the exposure of our patients to an unnecessary toxic and expen- 
sive treatment. Several factors predicting the outcome of immunotherapy have 
been reported so far. These predictors may be classified into patient-related 
factors, tumor-related factors and alterations of the immune system during im- 
munotherapy [151]. Performance status [58] and disease free interval between 
nephrectomy and metastasizing [95] were found to be the most important patient- 
related factors. It was demonstrated that a sarcomatoid histology and the pres- 
ence of liver and bone metastases are apparently unfavorable tumor- related prog- 
nostic factors [110]. 

Finally, a variety of different immunological parameters during immuno- 
therapy have been monitored extensively by several investigators. Several biologi- 
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cal factors such as changes in leukocyte subpopulations [101], interferon-neutral- 
izing antibodies (2), changes in serum IL-2 and IL-6 levels [175, 16], enhanced 
stimulation of deficient cellular immune response [89] may predict response and 
survival in patients treated with interferon. 

Larger prospective controlled studies with detailed evaluation of tumor biol- 
ogy and patients ' biochemical and immunological status in relation to sensitivity 
to biological response modifiers are needed to identify patients who may benefit 
from interferon therapy. Outside clinical trials, the use of biological response 
modifiers as a treatment modality for patients with RCC may be unwise and in 
some cases harmful to the patient. 



Immunotherapy of Bladder Cancer with interferon 

Biology and Therapy of Bladder Cancer 

Bladder cancer is the fourth most common cancer in humans, and 49 000 new 
cases were estimated in the US in 1990 [27]. At initial presentation most patients 
have a superficial transitional cell carcinoma (TCC) of the bladder. After transure- 
thral resection (TUR) alone tumor recurrence occurs within 5 years in approxi- 
mately 60% of the patients and the actuarial risk for disease progression in 
superficial bladder cancer 3 years after diagnosis is io%-i9% [85]. 

Because of this high risk of recurrence and progression, adjuvant intravesical 
treatment with cytotoxic and/or immunomodulatory drugs is often given to these 
patients. Current therapeutic regimens usually involve TUR and intravesical 
bacille Calmette-Gu^rin (BCG) instillation, which is thought to stimulate the 
development of activated lymphocytes in the bladder wall. 

Although some trials suggest that intravesical BCG immunotherapy is signifi- 
cantly more effective than topical chemotherapy in reducing the risk of recurrence 
in patients with superficial carcinoma [105, 114, 150], the efficacy of BCG instilla- 
tion is also limited. The overall risk of developing muscle-invasive disease or 
metastases for patients with high risk superficial bladder cancer after BCG therapy 
is approximately 14% [94]. Moreover, in patients with residual carcinoma in situ 
(CIS) after a primary 6-week course of BCG, the risk of muscle-invasive tumor 
progression was 63% in the study reported by Coplen et al. [28] . In addition, local 
toxicity with BCG is common, and symptoms associated with severe cystitis 
require discontinuation of the treatment in a number of patients [71]. Therefore, 
the development of new agents with more effective antiproliferative and differ- 
entiating activity and fewer side effects is highly desirable. 



Interferon in the Treatment of Bladder Cancer 

The rationale of intravesical immunotherapy is the induction of a topical anti- 
tumoral immune reaction mediated by the immune cells of the bladder wall. 
Alternatively, these agents may have a direct cytotoxic effect on tumor cells, caus- 
ing cytolysis or maturational response. The in vitro observation of an antipro- 
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liferative effect of IFN-alpha and -beta on cell lines derived from human bladder 
carcinoma [66] and evidence that BCG activity might be linked in part to an in- 
creased production of interferons [75] stimulated further investigation of inter- 
feron both in the treatment and in the prophylaxis of superficial bladder cancer. 
So far, the experience with interferon in the treatment of bladder cancer is lim- 
ited mainly to patients with superficial neoplasms and to a local application by 
either intravesical instillation or infiltration of the tumor base. 

Ikic and coworkers were the first to report on the intralesional treatment of 
superficial bladder cancer by infiltrating the tumor base with io‘ lU natural in- 
terferon daily [77]. In five out of eight patients a CR was observed, while a PR was 
seen in one patient. It should be mentioned, however, that several types of adjuvant 
treatment were administered. While four patients received adjuvant i.m. interferon 
treatment, two patients were rendered tumor-free by TUR and one patient had a 
cystectomy after reduction of the tumor mass by interferon therapy. Morita and 
coworkers also reported promising results by injecting varying doses of lympho- 
blastoid IFN-alpha into the tumor base in patients with superficial bladder cancer 
[120]. A response was reported in ten out of 11 patients. 

The efficacy of intravesical interferon instillation was investigated in several 
phase II trials [154, 159, 126, 2]. Oliver and coworkers administered 5 x 10^ lU 
lymphoblastoid IFN-alpha in weekly intervals for 8 weeks in patients with inter- 
mediate/high risk bladder tumors [126]. An objective response was observed in 
six out of 16 patients. Similar observations were reported by Ackermann et al. who 
investigated the antitumoral effects of weekly instillations of 5.4 x 10^ lU rIFN 
alpha-2a for 8 weeks in 15 patients with recurrent high risk bladder tumors [2]. 
Responses were achieved in 4 patients and progressive disease was seen in seven 
patients. 

Schmitz-Drager and coworkers investigated the impact of interferon in the 
prophylaxis of tumor recurrence in 11 patients with recurrent superficial bladder 
tumors [149]. After complete TUR of the visible tumor mass, 5 x 10^ lU rlFN-alpha- 
2a was given twice weekly for 6 weeks. Only four patients remained tumor free 6 
months after the start of interferon treatment. All patients with more than two 
recurrences prior to interferon therapy had a tumor relapse. 

The dose dependence of intravesical interferon instillation was investigated by 
Williams and coworkers [182] . Either 10^ or 10® lU lymphoblastoid IFN-alpha were 
administered weekly for 12 weeks and monthly for further 9 months to patients 
with recurrent superficial bladder tumors. While a CR was seen in only one out 
of 15 patients receiving the lower dose, nine of the 21 patients who were treated 
with high-dose IFN responded to the treatment. 

Promising results of intravesical interferon instillation were observed in the 
study performed by members of the Stanford University Medical Center and the 
Northern California Oncology Group [166]. The authors studied rIFN-alpha-zb 
in 35 patients with histologically proven, superficial (Ta or Ti) recurrent grade 1 
or 2 TCC or with newly diagnosed or recurrent CIS with positive urine cytology. 
IFN alpha-2b was instilled into the bladder in stepwise doses from 50 MU to 100, 
200, 300, 400, 600 and 1000 MU. Patients with stable disease or PR were admin- 
istered the next higher dose if no toxicity was observed with their current dose. 
IFN-alpha- 2b was instilled once a week for 8 weeks. Only the 300 MU dose was 
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given in equally divided doses three times per week. Of the 19 patients with high 
grade intraepithelial neoplasia (17 with carcinoma in situ, two with severe dys- 
plasia, all with positive cytology), six (32%) had a complete resolution of all his- 
tologic and cytologic evidence of disease (complete response). An additional three 
patients (16%) had a complete resolution of CIS, but low-grade bladder tumor 
developed at intervals. Five patients (26%) had a PR defined as a complete reso- 
lution of CIS in multiple bladder biopsies, but persistent positive urinary cytol- 
ogy. In those patients with recurrent papillary tumors and extensive prior therapy 
four out of 16 (25%) had a complete response. Seven of the 23 (30%) patients with 
prior intravesical chemotherapy or immunotherapy had a complete or partial 
response to IFN, while eight of 12 patients (67%) without prior intravesical treat- 
ment responded. These responses were achieved with minimal local and systemic 
toxicity. Of ten complete responders five remained in continuous remission for 
18-37 months. Since 14 (74%) of 19 patients with CIS or severe dysplasia in this 
study had a measurable biological effect from IFN therapy, Torti et al. concluded 
that responses to IFN-alpha-2b were similar to those reported for other intravesi- 
cal chemotherapeutic agents [166] . The benefit in this study was independent of 
the dose administered. 

In contrast to the findings reported by Torti et al., a clear dose-dependent 
response was found by Glashan [64], who treated 87 patients with CIS of the blad- 
der in a prospective randomized trial with intravesically administered IFN-alpha- 
2b. Patients received either a low dose (10 MU) or high dose (100 MU) of 
recombinant IFN-alpha-2b weekly for 12 weeks and then monthly for a maximum 
of 1 year. In 20 of 47 patients receiving a high dose (43%) and in two of 38 patients 
receiving a low dose (5%), a CR was achieved. This difference was statistically 
highly significant (p < 0.001). A consistently positive cytology with no histologi- 
cal evidence of Tis was observed in further 23% of patients in the high-dose group. 
Notably, six of nine patients who failed to respond to prior intravesical BCG 
therapy responded to the IFN-alpha-2b treatment. Further observation demon- 
strated that 18 of the 20 (90%) complete responders in the high-dose group had 
no relapse for at least 6 months after completion of the treatment. Safety and 
tolerance were excellent with no local irritative toxicity. 

In a more recent trial Di Stasi et al. [38] investigated the therapeutic efficacy 
of rIFN-alpha-2a administered intralesionally in 15 patients with superficial pap- 
illary TCC of the bladder. Tumors were diagnosed and staged by transabdomi- 
nal and transrectal ultrasonography and cystoscopy; the maximum transverse 
and longitudinal diameters of the lesions and tumor infiltration in the bladder 
wall were recorded. Histological diagnosis was made in all cases before commenc- 
ing interferon therapy. 3 x io‘ lU IFN-alpha-2a was administered weekly for 
4 weeks. Subsequently, TUR of the residual tumor mass was performed. The 
response to treatment was assessed according to the pathological findings. One 
patient achieved a CR, six had a PR, six achieved a minor remission and two 
achieved a stabilization of the disease. A mild, transient flu-like syndrome was 
documented after every injection. Immunohistochemical characterization of TUR 
specimen cell infiltrates disclosed no significant differences in patients treated 
with interferon and controls, suggesting that the antitumor effects of rlFN-alpha- 
2a were not mediated through the immune system. 
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The results of these studies suggest that IFN-alpha-2b in particular has a sig- 
nificant therapeutic index in superficial bladder cancer and could play an impor- 
tant role in the management of this disease. Randomized comparative studies with 
standard therapeutic agents are needed to determine the prophylactic efficacy of 
interferon patients at risk of developing further tumor recurrence and tumor 
progression after TUR. 

Vecchioli-Scadazza [171] compared the prophylactic activity of mitomycin C 
(MMC) and rIFN-alpha-aa in a prospective randomized trial. After TUR, 54 pa- 
tients with superficial (Ta-Ti) low- and intermediate-grade TCC of the bladder 
were randomized to receive either intravesical MMC (27 patients) or IFN (27 pa- 
tients) treatment. The recurrence rate in the MMC group (mean follow-up time 
of 10 months) was 11% and in the interferon group 52% (mean follow-up time of 
12 months). 

In a more recent study by Kalble et al. [80] the efficacy of intravesical immuno- 
prophylaxis was investigated in 78 patients with superficial bladder carcinoma. 
Six weeks after TUR the patients were randomized to receive 12 intravesical 
instillations of either 10^ lU r-IFN-alpha or 120 mg BCG Connaught for 1 year. After 
a mean observation period of 24 months in the BCG group and 25 months in the 
interferon group, a tumor recurrence was observed in five of 32 (16%) patients 
treated with BCG and in 21 of 35 (60%) patients treated with interferon. The 
authors concluded that interferon in this instillation regimen had few side effects 
but no prophylactic effect, whereas BCG was very effective in preventing tumor 
recurrence, was mostly tolerable and was rarely associated with severe side effects. 
A possible explanation for the failure of interferon in this study might be that the 
onset of therapy was too late after TUR and the dose administered too low. 

The results of a large Italian multicenter study were published in 1994 [17]. Two 
hundred and eighty-seven patients with primary pTa 62, pTi Gi to G2 superficial 
bladder cancer, following complete TUR, were randomly allocated to receive 
intravesical treatment with either IFN-alpha-2b (5 x 10^ lU) or MMC (40 mg). The 
drugs were instilled weekly for 8 weeks, using the same type of interferon and the 
same regimen that proved to be active in the study of Torti et al. [14] . An analysis 
of the results demonstrated that MMC treatment was superior to interferon treat- 
ment with respect to time to recurrence, the relative recurrence rate, and the 
recurrence rate per 100 patient months. This difference was particularly evident 
in patients with pTa G2 tumors as well as in all patients with Gi tumors. In con- 
trast, the two treatments appeared to be equally effective in patients with pTi 
tumors. Also, no significant difference was observed between the two treatment 
arms in patients with a high-grade tumor with regard to tumor recurrence or pro- 
gression to muscle-infiltrating bladder cancer. According to the multivariate 
analysis, the number of primary tumors (multifocal disease) and tumor grade 
were the best predictors for a tumor recurrence, while the allocated treatment had 
only a moderate effect. Since the projected recurrence-free survival rate at 3 years 
ranged between 35% and 55% for either MMC or interferon treatment, the authors 
speculated that both treatments were only moderately effective in those patients 
selected for this study. Intravesical treatment was well tolerated in both arms. 
However, more local toxicity was observed in the patients treated with MMC. The 
authors concluded that interferon was less effective, although locally better 
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tolerated, than MMC as an adjuvant treatment of primary superficial bladder can- 
cer. 

Recently it was suggested that the clinical response to intravesical interferon 
treatment might correlate with the local release of cytokines such as IL-2 and IL- 
4 [156]. In their study, a latency time appeared to be necessary for interferons to 
recruit immune cells able to produce interleukins. This observation provided the 
rationale for a Portuguese multicenter study [22] which was designed to define 
the optimal dose for adjuvant intravesical IFN-alpha-2b therapy. One hundred and 
twenty-seven patients with primary (Ti; G1-3) and recurrent (Ta-Ti; G1-3) TCC 
of the bladder were randomized to receive either 6 x 10^ lU (64 patients) or 10® 
lU (63 patients) of IFN-alpha-2b weekly for the first 8 weeks, then bimonthly for 
4 months, and subsequently monthly for 6 months. Treatment was initiated 7-15 
days after complete TUR of all tumors. Thmor recurrence occurred in 26 of the 
64 patients (40.6%) receiving 6 x 10^ lU and in 21 of the 63 patients (33%) receiv- 
ing 10* lU interferon. The recurrence rate per year for the low-dose regimen was 
0.13 and for the high-dose group, 0.11; the tumor rates per year were 0.34 and 0.36, 
respectively. Statistical analysis indicated no difference in the recurrence rate per 
year or in the tumor rate per year. 

The results of the two multicenter trials [17, 22] demonstrate that interferon at 
the doses and schedules used was well-tolerated but less effective than MMC. 
Furthermore, in contrast to earlier studies, the efficacy of interferon in the prophy- 
laxis of tumor recurrence in superficial bladder cancer was found to be low and 
appeared not to be dose-dependent. These results, however, do not rule out that 
other administration routes and/or a combination of interferon with other 
immunomodulatory or cytotoxic agents might increase the efficacy of interferon 
in the treatment of bladder cancer. So far, trials on systemic interferon treatment 
or the combination of endovesical with systemic administration of interferon 
(although carried out with only a very small series of patients) did not support 
further evaluation of this route of administration [67, 68]. 

It is well known that the intravesical administration of anthracyclines yields 
an acute inflammatory reaction, thus increasing the number of immunocompe- 
tent cells in the bladder wall. Subsequently, these cells could be stimulated by 
interferons. Ferrari et al. [47] investigated the effects of chemoimmunotherapy 
for prophylaxis of recurrence in superficial bladder cancer. A total of 85 patients 
after complete TUR were randomized to receive intravesical IFN-alpha-zb either 
alone or in combination with epirubicin. The 41 patients in the interferon group 
started treatment 21 days after TUR (5 x 10^ lU IFN-alpha-2b once a week for 
8 weeks, then every 15 days for 4 months, and finally once a month for 4 months). 
In the second group, 44 patients received 80 mg epirubicin immediately after TUR 
and again 24 h and 48 h later. Twenty days after TUR, IFN-alpha-zb was admin- 
istered with the same schedule as for the first group. The median follow-up time 
for all patients was 19 months. During this time, ten (24.4%) patients relapsed in 
the interferon group and seven (15.9%) in the epirubicin plus IFN group. Although 
this difference between the two groups regarding tumor recurrence (p > 0.05) was 
statistically not significant, early treatment with epirubicin followed by IFN-alpha- 
zb appeared to reduce the percentage of tumor recurrence and to extend the dis- 
ease-free interval. 
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The effects observed by Ferrari et al. might only be related to epirubicin treat- 
ment or, alternatively, might be mediated by the synergistic effects of chemo- 
immunotherapy. The idea of a synergistic effect between epirubicin and interferon 
was also supportedby a study conducted by Abbolito et al. [i],who demonstrated 
that concomitant epirubicin and interferon treatment was more effective than the 
sequential use of these drugs. 



Conclusions 

Studies on the use of interferon in the treatment of bladder cancer over the last 
decade have yielded conflicting data regarding the effects of this treatment. 
Despite several promising results obtained in a variety of phase II studies, more 
recent prospective randomized trials suggest a limited efficacy of intravesical 
interferon instillation as an adjuvant therapy in superficial bladder cancer. It must 
be questioned, however, whether the interferon concentration at the tumor cell 
and the time of exposure have been sufficient in the former trials, and it must be 
considered how to increase the local interferon dose at the tumor site. The use of 
new preparations (i.e, liposomes) of interferon and/or combinations with cyto- 
toxic drugs are interesting concepts which might improve the effectiveness of 
intravesical treatment with interferon. 



Use of Interferon for the Treatment of Prostate Cancer 

Biology and Therapy of Prostate Cancer 

Prostate cancer (CaP) is among the most commonly diagnosed malignancies and 
the second leading cause of cancer-related deaths in men [23]. Curative treatment 
of organ-confined disease is possible with radical prostatectomy or with radio- 
therapy. At the time of diagnosis CaP is confined to the prostate gland in less than 
50% of the patients [147]. Primary treatment for metastatic CaP is androgen abla- 
tion. This may be achieved by a variety of approaches; orchidectomy or the admin- 
istration of an agonist of luteinizing hormone-releasing hormone (LHRH; i.e., 
buserelin) are most commonly used. Recently, the superiority of maximal andro- 
gen ablation combining orchidectomy or LHRH agonist with an antiandrogen (i.e., 
flutamide), especially in the treatment of early metastatic CaP, was demonstrated 
in several phase III trials [12, 35] . The response rate to androgen ablation can be as 
high as 80%, but the duration of the response to hormone therapy is only 12-18 
months [65]. Hormone-refractory metastatic CaP remains a disease with limited 
therapeutic options. Standard approaches to its management include supportive 
care (analgesics and palliative radiotherapy), second-line hormonal therapy, and 
chemotherapy in selected patients. However, objective response rates to secondary 
hormonal treatment and chemotherapy are usually less than 20% [30, 73]. 

The limited therapeutic efficacy of standard treatment in androgen-independ- 
ent CaP has stimulated attempts to develop an effective second-line therapy. So far, 
information concerning the activity of IFNs in CaP is limited and contradictory. 
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Interferon Treatment of Prostate Cancer 

In the first clinical trials using IFN-alpha as a single agent second line therapy in 
patients with CaP, response rates ranging from 0% to 42% have been reported 
(Table 12). Medenica et al. reported a complete clinical response in five of 14 
patients with advanced metastatic CaP treated with human natural IFN-alpha 
[117]. No complete or partial responses were observed in a trial using IFN-beta 
in 16 patients with hormone-refractory CaP conducted by the National Prostate 
Cancer Project of the USA [24]. 



Table 12. Results of IFN-therapy in patients with hormone-refractory metastatic prostate 
cancer 



Study 


Type of IFN 


Patients 

(«) 


Responsi 

(%) 


Medenica and Slack 1985 [117] 


IFN-alpha 


14 


42 


Chang et al. 1986 [24] 


IFN-alpha 


9 


11 


Bulbul et al. 1986 [20] 


IFN-beta 


16 


0 


van-Haelst-Pisani et al. 1992 [169] 


IFN-alpha 


40 


5 


Dreicer et al. 1994 [40] 


5-FU - 1 - IFN-alpha 


13 


0 


Daliani et al. 1995 [29] 


5-FU + IFN-alpha 


23 


17 



5-FU, fluorouracil. 



In 1989 Sica et al. demonstrated significant antiproliferative activity of IFN-alpha 
and IFN-beta in two human hormone-independent prostate tumor cell lines, PC3 
and DU145 [160]. Subsequently, a significant antitumor effect of IFN-alpha on a 
DU145 CaP xenograft was shown, whereas no significant activity against the PC3 
tumor was observed [170]. The capability of IFNs to modify the androgen receptor 
level in CaP cells has stimulated further investigations [161]. A phase II study was 
conducted in 1992 in order to determine the efficacy of IFN-alpha in 40 patients 
with advanced hormone-refractory cancer. No responses were observed in 
patients with bone metastases, but complete and partial regression of nodal 
disease were observed in two patients with extraosseous spread [169]. 

The assessment of any treatment modality in hormone-refractory CaP is com- 
plicated by the fact that the skeleton is the primary metastatic site of this tumor 
type. Since usually multiple lesions are present, the quantitation of tumor regres- 
sion or progression is impossible in most patients. Furthermore, the heterogene- 
ous behavior of metastatic androgen-independent CaP complicates the interpre- 
tation of the results of a study. This difficulty has led investigators to study 
prostate-specific antigen (PSA) serum concentration as a surrogate marker for 
antitumor activity [83]. 

Based on data suggesting that IFN-alpha may modulate 5-FU cytotoxicity [178], 
two recent phase II trials investigated the efficacy of a combined IFN-alpha and 
5-FU treatment in patients with hormone-refractory prostate cancer. Using PSA as 
a response parameter, no objective response was observed in the study of Dreicer 
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et al. [40]. The authors concluded that the 5-FU and IFN-alpha combination in the 
dose and schedule used has no clinically significant activity and is associated with 
unacceptable toxicity. Similar results were obtained in a randomized study by 
Daliani et al., in which antitumor activity of 5-FU versus 5-FU plus IFN-alpha was 
tested in 50 patients with androgen-independent CaP [16] . Only two of 17 (11%) and 
four of 23 (17%) patients, respectively, showed a greater than 50% decrease in PSA 
serum levels. The difference was not statistically significant. Furthermore, no dif- 
ference between the single and combination therapy groups was observed regard- 
ing the duration of response or survival time (mean duration of response 8 and 6 
weeks, respectively, and mean survival time of 33 and 38 weeks, respectively). Con- 
sidering the significant morbidity of this schedule (three treatment-related deaths) 
and a minimal antitumor activity, the authors concluded that this 5-FU/IFN-alpha 
combination should not be tested further in this indication [29]. 



Conclusions 

Progression of CaP in humans is not accompanied by a vigorous antitumor im- 
mune response, although weak immune responses have occasionally been docu- 
mented in some patients [183, 25]. This observation supports the view that CaP 
cells do not express tumor-specific antigens capable of inducing an effective im- 
mune response under physiological conditions. Therefore, stimulation of the 
immune system against CaP cells should be induced by an active immunization 
of patients against the autologous tumor. The use of cytokine-secreting tumor cell 
preparations as therapeutic vaccines for the treatment of advanced CaP was in- 
vestigated in an anaplastic androgen-independent Dunning rat prostatic tumor 
model [172]. IL-2-secreting, irradiated tumor cell preparations cured animals with 
s.c. established tumors, inducing an immunological memory that protected them 
from subsequent tumor challenge. Immunotherapy was less effective when tumors 
were induced orthotopicallybut nevertheless led to a significant growth delay and 
prevention of tumor recurrence after resection of the cancerous prostate. 

At this stage, interferon treatment in metastatic CaP appears be ineffective. The 
finding that genetically modified, IL-2-secreting prostate tumor-cells were capable 
of inducing a significant immune response against the parental tumor has opened 
up new perspectives in the therapy of hormone-refractory CaP, and further 
investigations with other cytokines are warranted. 



interferon Therapy of Penile Lesions 

Interferon Treatment of Condylomata Acuminata 

Condylomata acuminata (genital warts), a common sexually transmitted disor- 
der, are caused by human papilloma viruses, usually types 6 and 11 [21] . A variety 
of treatment approaches for genital warts are available, including surgical exci- 
sion, cryosurgery, electrocauterization, laser therapy, and application of podophyl- 
lum resin, but none are consistently effective. 
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Because of its antiproliferative and antiviral properties, human leukocyte in- 
terferon (IFN-alpha) has been suggested to be effective in the treatment of con- 
dylomata acuminata. In several smaller phase II trials the efficacy of systemic 
and intralesional administration of IFN-alpha in the treatment of primary and 
recurrent genital warts has been reported [42, 59, 63, 152]. In 1986, a large 
randomized multicenter trial was conducted comparing IFN-alpha-2b vs 
placebo in the treatment of this disorder [45]. After intralesional injection of 
placebo or 10* lU IFN-alpha three times weekly for 3 weeks, 124 patients in the 
interferon group and 128 patients in the placebo group were assessable for 
response. The objective response rate was found to be 69% in the interferon 
recipients and 15 % in the placebo group. All treated warts had completely cleared 
in 36% and 17% of the patients, respectively. This study provided strong evidence 
that the injection of IFN-alpha directly into genital warts is an effective and well 
tolerated form of therapy. 

In another randomized study, the efficacy of systemic IFN-alpha-ni versus 
isotretionin in men with histologically confirmed condylomata acuminata refrac- 
tory to standard treatment was compared [127] . Of the men treated with IFN-alpha 
56% had an objective clinical response, while none of the patients treated with 
isotretionin showed evidence of response (p = 0.009). Based on these results it 
was concluded that also parenteral administration of IFN-alpha was an effective 
alternative treatment modality for patients with refractory condylomata acumi- 
nata. 

The successful treatment of aggressive and chronic large penile warts with 
subcutaneous IFN-alpha was reported by Larsen et al. [96]. In this recent mult- 
icenter placebo-controlled randomized double-blind study systemic IFN-alpha- 
2b treatment was tested in an adjuvant setting after CO^ laser ablation of all 
visible warts. After 36 weeks of follow-up, the study failed to show any benefi- 
cial effects of interferon therapy regarding the recurrence rate. None of the pre- 
treatment and demographic characteristics affected the outcome with a statis- 
tical significance. The authors concluded that CO^ laser ablation combined with 
systemic IFN-alpha was ineffective in the treatment of anogenital condylomata 
[ 1651 - 



Interferon Treatment of Penile Carcinoma 

Favorable results of interferon treatment in penile condylomata stimulated its use 
in precancerous lesions of the penis. The von-Buschke-Lowenstein tumor, also 
called giant condyloma acuminatum is a precancerous lesion located on the 
external genitalia and in the perineum. Clinically, it presents as a craggy, burgeon- 
ing and locally invasive mass. Histological examination reveals a classical benign 
papillomatous proliferation, but transformation into invasive carcinoma occurs 
in about one-third of the cases. Local penetration and sometimes focal cytologi- 
cal atypias have prompted some authors to use the term “verrucous carcinoma” 
[10] . The von-Buschke-Lowenstein tumor is a rare tumor of the penis. It does not 
metastasize but recurs locally. There is no well-established effective treatment and 
recurrences after radiotherapy and local surgical treatment are common. 
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Pyrhonen et al. were the first to describe a successful treatment of verrucous 
carcinoma with interferon. After subcutaneous administration of IFN-alpha the 
tumor decreased in size and was successfully excised. No recurrence was observed 
at two years after therapy [135] . Recently Risse et al. reported treatment results with 
interferon in three patients with verrucous tumors, including one with a giant 
condyloma acuminatum of the penis. The authors concluded that treatment with 
interferon appears to be a valuable adjuvant treatment of verrucous carcinoma, 
but it does not replace surgery [142]. 

The standard treatment of patients with localized penile cancer without clini- 
cal evidence of lymphadenopathy incorporates partial or total penectomy and 
limited inguinal lymph node dissection. The neodymium YAG laser has recently 
emerged as a therapeutic alternative to mutilating surgery for low-volume super- 
ficial tumors, but 8%-50% of laser-treated patients have local recurrence [109]. 
Chemotherapeutic agents, either alone or in combination, rarely induce CR and 
their impact on survival remains unclear [36, 158]. Recently, DNA of various hu- 
man papillomavirus subtypes was detected in paraffin embedded tissue by the 
polymerase chain reaction suggesting an association between the presence of 
papillomavirus and penile carcinoma. In particular, human papillomavirus type 
16 is suspected to play an etiologic role in the development of penile squamous 
cell carcinoma [146]. 

The well documented efficacy of IFN-alpha in the treatment of condyloma 
acuminatum and some reports on possible effects of IFN-alpha on verrucous 
penile lesions has prompted the investigation of interferon in the treatment of 
penile carcinoma. A combination of cisplatin with IFN-alpha, which has been 
shown to produce synergistic effects in vitro [180], was chosen for clinical exami- 
nation. The treatment schedule consisted of 20 mg/m^ cisplatin intravenously and 
5 X io*IU/m^ recombinant IFN-alpha- 2b subcutaneously daily for 5 consecutive 
days on an outpatient basis [ii9[. The same dose of interferon was then adminis- 
tered subcutaneously three times a week for 3 weeks. Of 12 assessable patients four 
achieved a pathologically confirmed CR (33%) and five achieved a PR (44%), 
resulting in a 75% overall response rate. All patients who achieved a PR under- 
went partial penectomy instead of the initially planned total penectomy. However 
the follow-up period of these patients was not long enough to be certain that they 
will definitely avoid a more mutilating operation. Furthermore, long-term follow- 
up data are also required to permit conclusions regarding the survival of these 
patients. 



Conclusions 

The effect of local (and systemic) interferon administration, especially IFN-alpha- 
2b, in the treatment of recurrent genital warts is well established in prospective 
phase III trials. Due to the small number of patients treated so far, there is insuf- 
ficient information available regarding the treatment of verrucous carcinoma. 
Because of the limited options for nonsurgical treatment of penile carcinoma, the 
results of the recent phase II trial combining cisplatin and IFN-alpha-zb are of 
paramount interest and warrant further examination in phase III studies. 
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Summary 

It is remarkable that almost two decades after the initial reports on the use of 
interferons in the treatment of human malignancy, the information regarding the 
key questions of this therapeutic concept is still incomplete. This situation results 
from the lack of coordinated prospective trials addressing the topics of interest. 
Therefore, even today the knowledge regarding interferon treatment in genito- 
urinary tumors is still restricted to the side effects of this therapy and the fact that 
systemic interferon treatment is effective in a significant number of patients with 
RCC and condylomata acuminata. Other important information concerning dos- 
age, administration, combination of interferon with other cytokines or cytostatic 
drugs, as well as patient selection are lacking and need further evaluation in pro- 
spective randomized trials. It cannot be concluded that interferons have failed to 
meet the worldwide expectations in the treatment of human malignancies but 
rather that the scientific community has failed so far to thoroughly evaluate this 
fascinating new therapeutic option. 
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CHAPTER 15 



Adverse Effects of Interferon Treatment 

C. Aul, N. Gattermann, U. Germing, and A. Heyll 



Introduction 

Interferons (IFN) are a complex group of naturally occurring proteins and 
glycoproteins initially recognized as antiviral agents. Because of their antipro- 
liferative, differentiation-inducing, and immunomodulatory effects in vitro, they 
have been increasingly used during the last decade to treat a broad spectrum of 
human diseases including hematological malignancies, solid tumors, viral infec- 
tions, and AIDS-related complications. The introduction of recombinant DNA 
techniques permitted large-scale production of highly purified IFN and strongly 
stimulated systematic clinical investigations. Most of this work was done with 
IFN-a (leukocyte interferon). There has been sufficient study of IFN-P (fibroblast 
interferon) to establish that its spectrum of clinical activities is similar to that of 
IFN-a. Limited information is available concerning the effects of IFN-y (immune 
interferon) which is the most potent immunomodulating agent. 

With increasing numbers of clinical trials, physicians realized that IFN therapy 
may be associated with significant side effects. Although originally assumed to 
be due to impurities of natural IFN preparations, these side effects have also been 
described in patients treated with recombinant IFN. Adverse effects of IFN can 
be classified into acute, subacute and chronic reactions. Whereas acute adverse 
reactions are usually self-limiting and resolve after days or weeks of treatment, 
chronic adverse reactions, particularly neurological or psychiatric disorders, can 
cause significant morbidity and sometimes require dose attenuation or even dis- 
continuation of IFN therapy. Some of these toxic reactions are very rare and have 
only occurred after prolonged administration of IFN. Because of the variety of 
clinical manifestations, their diagnosis maybe difficult, and sometimes it is even 
more difficult to ascertain a causal relationship with the IFN therapy. Mechanisms 
and predisposing factors for the occurrence of chronic toxic reactions remain to 
be fully investigated. 

In this article we shall review the short-term and long-term clinical toxicities 
of IFN therapy. We shall also discuss the dose-response relations, the importance 
of other pharmacological factors, as well as methods for recognizing and moni- 
toring the side effects of IFN treatment. It should be emphasized that most data 
summarized in this review refer to clinical trials with IFN-a. However, it can be 
expected that IFN-P and IFN-y have a similar range of toxicity. The problem of 
antibody formation to IFN is not discussed in this article. 
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Acute Toxicity of interferons 

The major side effect of all three IFN is a “flu-like” syndrome which occurs in 
virtually all patients within 3 h after injection and consists of fever, chills, head- 
ache, myalgia, arthralgia, gastrointestinal symptoms (anorexia), and fatigue. Tem- 
peratures return to normal spontaneously within 12 h after a single dose of IFN. 
These acute side effects are not strictly dose-related and usually disappear after 
about 2 weeks of IFN therapy (tachyphylaxis). They can be avoided or palliated 
by pretreatment with paracetamol or nonsteroidal anti-inflammatory drugs. Simi- 
lar symptoms have been observed in patients undergoing treatment with 
interleukin-i, interleukin- 2, interleukin-6, or other cytokines. It has therefore been 
suggested that the flu-like syndrome of IFN is induced via secondary fever-pro- 
moting mediators such as interleukin-i, prostaglandin E2, and tumor necrosis 
factor [1]. 



Neurological and Psychiatric Disorders 

Central nervous system (CNS) toxicity is a relatively frequent side effect of IFN 
therapy. It may seriously impair quality of life and lead to premature termination 
of IFN treatment. Estimates of its frequency vary between 13% and 60% [2,3]. Data 
from published studies are difficult to compare because of differences in dose, 
route, and schedule of IFN administration, differences in medical diagnoses and 
clinical characteristics of patients included, and variant methods of neurologi- 
cal and neuropsychiatric assessment. Subtle behavioral changes and other sub- 
clinical alterations maybe found in the majority of patients receiving high doses 
of IFN [4]. A wide spectrum of neurological and psychiatric symptoms has been 
described in patients undergoing IFN therapy. In many studies, fatigue and asthe- 
nia were the most frequently encountered neurotoxic effects, occurring in up to 
90% of patients [5, 6]. Other complications of long-term therapy with IFN are 
vertigo, ataxia, apraxia, extrapyramidal disorders, cognitive disturbances 
(visuospatial disorientation, confusion, somnolence, coma, hallucinations, dysgeu- 
sia, hypogeusia), as well as behavioral and emotional changes (psychomotor 
retardation, lack of initiative, thought blocking, speech stoppage, anorexia, 
decreased libido, depression, suicidal behavior, irritability, aggressiveness). In ad- 
dition, there are case reports describing infrequent neurological complications of 
IFN therapy such as seizures [7], leukoencephalopathy [8], oculomotor nerve 
paralysis [9], optic tract neuropathy [10], and trigeminal sensory neuropathy [n] . 
Neurological symptoms generally persist for the duration of therapy and resolve 
within several days to 3 weeks after withdrawal of IFN. Besides CNS disorders, 
peripheral nervous system defects have been noted in some trials with IFN. 
Gastineau et al. described a 41-year old patient who experienced severe burning 
paresthesias after low doses of IFN-a which reversed after discontinuation of IFN 
[12]. A report on another patient who developed severe motor neuropathy after 
11 months of treatment with IFN-a was published by Cudillo et al. [13]. However, 
the overall incidence of peripheral neuropathies appears to be low in most stud- 
ies. Out of 1019 IFN recipients evaluated by Jones and Itri, only 7% developed mild 
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distal paresthesias, and 4% of patients complained of numbness [5]. In another 
IFN study, three (4%) of 81 patients complained of paresthesias, and only one, a 
diabetic patient also receiving metronidazole, had symptoms of peripheral neu- 
ropathy [14]. 

Contrary to most previous reports, Meyers et al. recently described 14 cancer 
patients with persistent neurotoxicity after therapy with IFN-a [15]. These patients 
who had been treated with varying doses of IFN-a (from 3 x 10® lU three times 
per week to 10 x io‘ lU daily) over a period of 40 days to 3 years developed disa- 
bling neurobehavioral symptoms many months after IFN-a treatment had been 
stopped (median 7 months). Neurotoxicity was assessed with a battery of neu- 
ropsychological tests. Abnormal neurological symptoms which could not be 
attributed to cancer therapy, disease status, or other medical problems, consisted 
of deficits of memory or motor coordination, dementia, signs of parkinsonism 
(tremor, rigidity), personality changes, depression, hypomania, agitation, and 
anxiety. Of the 13 patients who were working up to and during IFN therapy, ten 
were unable to return to work and three were working only part-time. Follow- 
up assessment was performed on four patients, two of whom underwent further 
deterioration of neurological symptoms. The authors found no significant cor- 
relation between neurotoxicity and the length of IFN therapy. However, they found 
that patients who received daily injections of IFN had much worse neurotoxic 
symptoms than individuals who received less frequent injections. Apart from the 
report of Meyers et al. which has been criticized because of its retrospective nature 
and methodological issues [16], persistent neurotoxicity after IFN therapy has 
been described very rarely in the literature. There is one report of a child devel- 
oping permanent spastic diplegia following 7 months of IFN-a therapy for laryn- 
geal papilloma [17]. 

Based on retrospective analyses of clinical trials with IFN, some authors have 
tried to define risk factors for the occurrence of neuropsychiatric abnormalities. 
Reviewing the toxicity data of 867 cancer patients treated with IFN-azb, Spiegel 
found that the incidence of CNS symptoms was directly related to patient age and 
interferon dose [18]. In patients aged 40 years or younger, the incidence of 
neurological symptoms was 25%, whereas it was 34% for the 40- to 6o-year-old 
patients and 43% for individuals over 60 years of age. The incidence of CNS dis- 
orders was 34% (grade III and IV 8%) for the entire patient population, compared 
with 27% (grade III 3%) for patients receiving IFN doses less than 10* lU daily or 
three times weekly. Some neurological symptoms (e.g., seizures) have almost 
exclusively been observed in patients receiving high doses of IFN. Besides dos- 
age, the mode of administration also appears to be important for the induction 
of neurotoxicity. For the same IFN-a dose levels, intravenous bolus administra- 
tion is more neurotoxic than continuous infusion of IFN; intramuscular and sub- 
cutaneous injections of IFN are associated with an intermediate degree of CNS 
toxicity [19]. Some authors have speculated that preexisting neurological disor- 
ders, previous drug and alcohol abuse, as well as previous or concomitant cranial 
irradiation increase the risk of IFN-induced neurotoxicity. These assumptions, 
however, are primarily based on case reports [20-22]. Meyers et al. described 39 
patients who were prophylactically treated with partially purified human leuko- 
cyte IFN after successful allogeneic bone marrow transplantation for acute lym- 
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phocytic leukemia (ALL) [8]. Treatment of ALL included repeated intrathecal 
methotrexate injections and cranial irradiation. After a period of 17-319 days 
posttransplant, six (15%) of the 39 patients developed leukoencephalopathy, con- 
firmed by brain tissue biopsies in three cases. As discussed by the authors, the 
apparent association between leukoencephalopathy and interferon might have 
been coincidental and should not be considered proof of a causal relationship. 

The mechanism by which IFN induce neurotoxic effects remains unclear. Only 
trace amounts of systemically administered IFN reach the central nervous sys- 
tem. The concentration of IFN-a in the cerebrospinal fluid is about 0.1% of that 
in the plasma [23]. It has been suggested that IFN can cross the blood-brain bar- 
rier at low levels through circumventricular organs, including the area postrema, 
choroid plexus, hypothalamic median eminence, and infundibular recess. 
Circumventricular organs are characterized by more permeable capillaries, per- 
mitting the passage of IFN and other proteins into the cerebrospinal fluid. Based 
on clinical symptoms and EEC abnormalities, some authors have postulated a 
direct damaging effect of IFN on frontal lobe functions [6]. 

Interestingly, intrathecal or intraventricular injections of human fibroblast IFN 
as used in patients with multiple sclerosis [24] result in relatively mild neurolo- 
gical symptoms that usually disappear within 24 h. Besides a direct effect of IFN 
on brain functions, neurological symptoms might be mediated by secondary 
cytokines such as interleukin-i, interleukin-2, and tumor necrosis factor, that are 
released after the binding of IFN to endothelial and glial cells [19]. Changes in 
neuroendocrine hormone secretion may also be involved in IFN-induced neuro- 
toxicity. IFN-a possesses immunological and biological ACTH- and endorphin- 
like activities. Increased cortisol levels can be measured in patients undergoing 
IFN therapy and may potentiate the neurotoxic effects of IFN as shown by ani- 
mal experiments [25]. IFN mitigates opiate addiction liability and eliminates the 
withdrawal phenomenon initiated by naloxone in morphinized animals [26]. In 
view of the scarcity of current data, further studies to define the mechanisms of 
action and biochemical basis of IFN-induced neurotoxicity are urgently required. 



Autoimmune Disorders 

Long-term treatment with IFN has been linked to the development of various 
autoimmune disorders including thyroid diseases, systemic lupus erythematosus 
(SLE), rheumatoid arthritis, polymyositis, leukocytoclastic vasculitis, anti- 
phospholipid syndrome, insulin-dependent diabetes mellitus, autoimmune hepa- 
titis, pernicious anemia, autoimmune hemolytic anemia or thrombocytopenia, 
myasthenia gravis, and pemphigus or bullous pemphigoid [27]. Whereas IFN- 
induced autoantibodies can be observed in up to 60% of patients, clinically overt 
autoimmune disorders are rather rare. 

Reviewing a total of 581 patients with chronic myeloid leukemia treated with 
IFN-a (5 X 10^ lU daily) alone or in combination with cytostatic drugs or 
homoharringtonine, Sacchi et al. noted only 28 patients with immune-mediated 
disorders [28]. The most common complications were hypothyroidism and con- 
nective tissue disorders. Interestingly, such patients also had a better cytogenetic 
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response to IFN therapy, suggesting a potential correlation between autoimmune 
phenomena and the induction of remission of chronic myeloid leukemia. The 
pathogenetic events that give rise to IFN-induced autoimmune diseases are 
unclear. It has been speculated that autoimmunity is caused by the immuno- 
modulatory effects of interferons, including the induction of secondary cytokines, 
enhanced cytotoxic T cell activity, inhibition of suppressor T cell function and 
induction of class I and II major histocompatibility antigens. There is no corre- 
lation between development of autoimmunity and anti-interferon antibodies. 

In 1985, Fentiman et al. published the first case report of hypothyroidism after 
long-term treatment with leukocyte-derived IFN-a [29]. Thyroid antibodies, pre- 
dominantly antithyroglobulin and antimicrosomal antibodies, can sometimes 
be detected without a change in thyroid function during IFN treatment. Auto- 
immune hypothyroidism, hyperthyroidism and thyroiditis have been reported in 
2.5%-i2% of IFN-a-treated patients [30,31]. A recent meta-analysis of 398 patients 
receiving IFN-a for different indications found an overall incidence of 9.4% [32]. 
Hypothyroidism was the most common clinical manifestation, accounting for 6% 
of thyroid diseases. Clinical symptoms of hypothyroidism may be subtle, and 
hypothyroidism-associated apathy and fatigue may be mistaken for IFN-related 
side effects. Whereas hyperthyroidism often develops during the first few months 
of IFN treatment, hypothyroidism occurs after 6-24 months of therapy. Some 
patients present with a biphasic clinical course in which transient hyperthy- 
roidism is followed by sustained hypothyroidism. Thin needle aspirates of thyroid 
tissue have demonstrated extensive infiltrates with lymphoid cells. These clini- 
cal and cytological changes resembling Hashimoto's thyroiditis are consistent 
with an autoimmune process. After withdrawal of IFN, thyroid autoantibodies 
usually decrease and disappear, and most patients regain normal thyroid func- 
tion [31, 32] . In some patients, however, antithyroid drugs or thyroxine substitution 
are required. 

Several authors have tried to define risk factors for the development of thyroid 
dysfunction during IFN therapy. Some studies have found that the presence of 
thyroid antibodies prior to therapy increases the risk of thyroid autoimmunity 
[33-35]. In the study of Ronnblom, for example, the incidence of thyroid disease 
was 68% for patients with preexisting thyroid antibodies, whereas it was only 7% 
for antibody-negative patients [34]. Other potential risk factors include the length 
and dose of IFN therapy, comedication with other immunomodulatory agents 
(e.g., interleukin-2), female sex, and certain HLA haplotypes (HLA-B18) [33, 36]. 
The underlying disease for which IFN treatment is started may also be of 
relevance, since some disorders (e.g., hairy cell leukemia and hepatitis C) are 
known to predispose to the development of autoimmune diseases. 

Several cases of SLE have been reported during IFN therapy [28, 32, 37-40]. They 
occurred between 7 months and 7 years of treatment. Clinical and laboratory 
features were similar to those of idiopathic SLE. Most patients presented with 
arthralgias, myalgias, exanthema, Raynaud ' s phenomenon, anemia, renal involve- 
ment, antinuclear antibodies, and antibodies to double-stranded DNA. In this 
respect, IFN-induced SLE differs from other examples of drug-related lupus, which 
are associated with anti-histone antibodies while antibodies to native DNA are 
always absent [41]. Some authors found an association between HLA type (HLA- 
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A2, HLA-B7, HLA-DRa) and risk of IFN-induced SLE, suggesting a genetic dispo- 
sition at least in some patients [40]. However, there is not yet a universally 
accepted mechanism for the pathogenesis of this condition. The prognosis of IFN- 
induced lupus erythematosus is good, with most patients achieving remission 
after discontinuation of IFN therapy and a short course of corticosteroids [28,32]. 

Besides SLE, other connective tissue disorders have been observed in IFN 
recipients. Long-term treatment with IFN-a was shown to exacerbate or produce 
rheumatoid arthritis and Reiter's syndrome [34, 42, 43]. Cleveland and Mallory 
described a 45-year-old patient with hepatitis C who developed purulent paro- 
nychias, keratoderma blennorrhagicum, circinate balanitis, and arthritis after 7 
months of IFN-a therapy (6-9 x 10* lU three times weekly). Withdrawal of IFN 
resulted in a prompt improvement of the clinical symptoms [43]. In rare cases, 
polymyositis has been reported as a complication of IFN therapy [28, 44]. Myal- 
gia, muscle weakness and increase in muscle enzymes must be distinguished from 
acute rhabdomyolysis induced by IFN [45]. 

Recently, elevated serum titers of antiphospholipid antibodies (APA) were 
demonstrated in patients receiving IFN [46, 47]. APA represent a heterogenous 
group of antibodies that are directed against cardiolipin and other negatively 
charged phospholipids. These antibodies are associated with a variety of clinical 
symptoms including venous and arterial thrombosis, neurological complications, 
and cutaneous manifestations (“antiphospholipid syndrome”) [48] . In a study of 
30 patients receiving immunotherapy for disseminated metastatic melanoma, APA 
were detected in none of the 18 patients treated with interleukin-2 alone, two of 
four patients (50%) treated with IFN-a alone, and three of eight patients (37-5%) 
treated with a combination of both [46]. A significant number of APA-positive 
patients developed deep venous thrombosis, occasionally complicated by pulmo- 
nary embolism. Another study confirmed the high prevalence of APA in patients 
with hepatitis C infection treated with IFN-a [47]. Patients undergoing IFN 
therapy should therefore be monitored carefully for the presence of APA and coa- 
gulatory abnormalities. If any abnormalities are detected, anticoagulant therapy 
should be considered. 

There are at least two reports in the literature describing the occurrence of 
insulin-dependent diabetes mellitus in two patients during IFN-a therapy [49, 50] . 
Both patients developed islet-cell antibodies shortly before or at the time of on- 
set of diabetes. One of the patients had documented low levels of insulin 
autoantibodies and thyroid microsomal antibodies before IFN treatment, suggest- 
ing genetic susceptibility. 

Apart from nonspecific dermatological reactions, IFNs have been shown to 
induce or exacerbate several skin diseases thought to have an autoimmune basis. 
Patients with a prior history of psoriasis often flare with IFN-a treatment [43, 51] . 
Usually, larger doses of IFN-a are required to see this effect (a minimum of 3 x 
10® lU three times weekly). Typical psoriatic plaques at the injection sites of IFN 
are a common finding preceding the onset or exacerbation of psoriasis. IFN- 
induced psoriatic lesions tend to be rapidly progressive and difficult to treat, but 
usually resolve after withdrawal of IFN. Other autoimmune diseases of the skin 
observed after IFN administration include bullous pemphigus and pemphigoid 

[52]- 
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Hematological Side Effects 

IFNs have a mild to moderate myelosuppressive effect, manifested predominantly 
as changes in total WBC, neutrophil, and platelets counts. Hemoglobin levels are 
minimally affected. The decrease in peripheral blood cell counts primarily reflects 
a direct dose-dependent inhibition of hematopoietic progenitor cells in the bone 
marrow. There is no evidence of cumulative hematological toxicity. WBC and 
platelet counts rapidly return to normal after discontinuation of IFN therapy. 
Severe and prolonged myelosuppression may occur in patients with hematological 
malignancies, liver cirrhosis, or hypersplenism. Paradoxically, therapy with IFN-a 
has also been reported to induce erythrocytosis in patients with hairy cell 
leukemia [53]. 

There are several case reports of immune-mediated erythrocyte and platelet 
destruction occurring during IFN-a treatment [54-57]. Development of hemolytic 
anemia was accompanied by a positive Coombs' test. IFN-induced autoimmune 
thrombocytopenia was associated with mucocutaneous bleeding, normal or 
increased numbers of megakaryocytes in the bone marrow, and increased plate- 
let-associated immunoglobulins. In general, peripheral blood counts rose to pre- 
treatment levels within 2 to 3 weeks after the withdrawal of interferon and initi- 
ating immunosuppressive therapy. IFN-a therapy has also been shown to induce 
severe and sometimes fatal hemorrhages in patients with steroid-refractory idi- 
opathic thrombocytopenic purpura [58, 59]. 



Renal Toxicity 

In contrast to previous assumptions [18], subclinical changes of renal function 
are rather common in patients undergoing IFN therapy. Kurschel et al. prospec- 
tively examined the nephrotoxic potential of recombinant IFN-a-2b in 58 patients 
with myeloproliferative syndromes by monitoring serum creatinine levels as well 
as measuring urinary protein and enzyme excretion [60]. None of the patients 
had impaired renal function before study. Slight, transient increases in serum 
creatinine levels (up to 1.5 mg/dl) were seen in 10% of patients. Urinary protein 
excretion was increased in 20% of cases, reaching values of up to 9 g/1 in some 
patients. The pattern of protein and enzyme excretion indicated both glomeru- 
lar and tubular damage. Other investigators have confirmed the frequent occur- 
rence of mild proteinuria and other subtle renal changes in IFN-a recipients. 
Among 1019 patients reviewed by Jones and Itri, proteinuria (25%), leukocyturia 
(14%), microscopic hematuria (4.5%), and elevated levels of serum creatinine 
(10%), urea nitrogen (10%), and uric acid (15%) constituted the majority of renal 
toxicities occurring during IFN-a-2a treatment [5]. Mild degrees of proteinuria 
have also been noted in clinical trials with IFN-y [61]. 

Although the nephrotoxic effects of interferons usually remain asymptomatic, 
severe and life-threatening renal disorders have been described in IFN-treated 
patients. They manifested as oliguric and nonoliguric acute renal failure, nephrotic 
syndrome, or hemolytic-uremic syndrome. Table 1 summarizes the clinical char- 
acteristics of 18 patients with severe IFN-associated renal toxicity reported in the 
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literature [62-77] • IFN-a doses administered ranged between 3 x io‘ lU three times 
per week and 20 x 10* lU daily. One patient was treated with IFN-y (10 x io‘ lU/m^ 
daily) [65] . All patients except one were treated for a maUgnant disorder, predomi- 
nantly multiple myeloma and chronic myeloid leukemia. The time interval between 
initiation of IFN therapy and diagnosis of renal complication varied from 1 week 
to more than 6 years. In one patient, glomerulonephritis was diagnosed 1 month 
after IFN-a treatment was stopped [64]. In six of the 18 patients, renal function 
returned to normal after discontinuation of IFN, either spontaneously or after short- 
term hemodialysis. In the patients reported on by Lederer and Troung [66], Nair 
[67] and Durand et al. [74], renal dysfunction was only partially reversible. Despite 
withdrawal of IFN, seven patients developed irreversible renal failure requiring 
chronic hemodialysis. One patient showed persistent renal insufficiency [72], and 
in another patient no follow- up data on kidney function were available [64]. Renal 
biopsies were performed in 11 patients, demonstrating focal segmental glomerulo- 
sclerosis [65], membranoproliferative glomerulonephritis [64], extracapillary 
crescentic glomerulonephritis [74], minimal change glomerulonephritis [67,76], 
acute interstitial nephritis with minimal change glomerulopathy [62],unclassifiable 
glomerular lesions [66], and thrombotic microangiopathy [71-73, 75]. In four pa- 
tients, recurrence of renal dysfunction after reexposure to IFN suggested a causal 
relationship with drug therapy and strongly argued against the possibility of tumor- 
associated nephropathies [62, 63,76,77]. 

It appears that IFN can lead to renal toxicity through a variety of mechanisms. 
Increased levels of IFN have been measured in some patients with minimal change 
nephrotic syndrome and may lead to an increased permeability of the glomeru- 
lar capillary wall [78]. In animal studies, application of IFN to newborn suckling 
mice induces severe glomerular lesions [79]. In Swiss mice with lymphocytic 
choriomeningitis-induced glomerulonephritis, administration of anti-IFN anti- 
bodies reduced the severity of glomerulonephritis [80]. These findings suggest 
an immune-mediated effect. Some authors have proposed that IFN enhance the 
expression of HLA-DR antigens on glomerular and tubular cells, with subsequent 
attack by activated lymphocytes [81]. The pathogenesis of IFN-a-induced 
hemolytic-uremic syndrome which has only recently been described in patients 
with hematological malignancies, mostly chronic myeloid leukemia, is unclear. It 
has been argued that this rare complication is restricted to patients receiving long- 
term IFN-a therapy [75]. 



Cardiovascular Toxicity 

Cardiovascular side effects of IFNs have been reported in 5%-2o% of patients and 
consist of moderate hypotension or hypertension, cardiac arrhythmias, chest pain 
of unknown etiology, manifestations of ischemic heart disease, and dilated 
cardiomyopathy. Except for hypo- and hypertension and supraventricular tachyar- 
rhythmias which may occur transiently during the first days of therapy, cardio- 
vascular complications are not clearly related to the interferon dosage. Some 
authors have found that the incidence of cardiotoxic effects increases with age. 
In the study of Siegel, for example, cardiotoxicity occurred in 8% of patients 




Table 1. Overview of 18 case reports of severe interferon-associated renal toxicity 
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younger than 40 years, whereas the incidence was 22% for patients over 60 years 
[18] . Other risk factors identified in some studies include a preexisting heart dis- 
ease [82], HIV infection [83], previous or concurrent exposure to doxorubicin [84], 
and combined treatment with IFN-a and interleukin-2 [85]. 

Benign arrhythmias are the most frequent manifestation of IFN-induced 
cardiotoxicity, occurring in up to 20% of patients [84]. Life-threatening arrhy- 
thmias such as ventricular tachycardia or ventricular fibrillation are very rare. 
Sarna et al. described a 56-year-old man who experienced dyspnea 4 h after his 
first injection of leukocyte interferon and who subsequently died from cardio- 
pulmonary arrest [86], 

Aggravations of ischemic heart disease may occur in IFN recipients. In 1982, 
clinical trials of IFN in France had to be temporarily interrupted because four 
study patients died from acute myocardial infarction. However, a direct cause- 
effect relationship could not be established [87]. Out of 1019 IFN recipients in the 
study of Jones and Itri, five patients (0.5%) developed myocardial infarction. TWo 
of these patients had a prior history of coronary heart disease, one had a history 
of atypical angina, one was hypertensive, and the remaining patient had no 
underlying disease [5]. The majority of ischemic complications occurred within 
the first 2-5 days of treatment [18]. IFN-treated patients may also develop chest 
pain unrelated to coronary artery disease, and pericardial effusion [5]. 

The first case of IFN-induced dilated cardiomyopathy was reported in 1988 by 
Cohen et al. [88]. They described a 62-year-old woman with renal carcinoma who 
developed congestive heart failure after 4 weeks of IFN-a therapy (6-9 x 10* lU 
daily). Clinical symptoms rapidly improved after withdrawal of IFN, but the 
patient finally died from metastatic cancer. Postmortem examination of the heart 
showed normal coronary arteries and no signs of fibrosis, inflammation, amy- 
loidosis, or endocardial thickening. Deyton et al. [83] described three patients with 
AIDS and Kaposi's sarcoma in whom profound myocardial dysfunction devel- 
oped in association with prolonged high-dose IFN-a therapy (5-35 x 10* lU daily). 
Based on these and other case reports [28, 89-91], IFN-induced cardiomyopathy 
appears to be characterized by the following features: no evidence of prior cardiac 
disease; prolonged treatment with IFN; prompt recovery after discontinuation of 
IFN (Fig. 1). Zimmerman et al. recently described a multiple myeloma patient 
whose heart failure did not improve after withdrawal of IFN, but this patient had 
previously been treated with anthracyclines [92]. 

The pathophysiological basis of IFN-induced cardiotoxicity is unclear. The 
increased risk of cardiotoxic effects after combined treatment with IFN-a and 
interleukin-2 has been interpreted as evidence of an immune-mediated mecha- 
nism [85]. However,histological abnormalities of the myocardium supporting this 
assumption are lacking. Animal experiments have shown that repeated infusions 
of IFN-a may induce myocardial ischemia and arrhythmias [93]. Interferons 
might impair systolic function by a negative metabolic effect on cardiac fiber 
function or a direct inhibition of contractile protein biosynthesis. Other authors 
have speculated that IFNs exert their cardiotoxic effects via coronary artery 
spasms or an increased oxygen demand caused by fever, chills, and tachycardia. 
Sonnenblick and Rosin assumed that cardiovascular complications are superim- 
posed on hearts with limited coronary and myocardial reserve [90]. 
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Fig.1A,B. Interferon-related cardiomyopathy in a 41-year-old woman with stage IV non-Hodg- 
kin's lymphoma. The patient developed congestive heart failure after 8 months of IFN-a treat- 
ment at a dose of 3 x 10® lU three times per week (panel A). The increased cardiac silhouette was 
shown by echocardiography to be due to left ventricular enlargement. After withdrawal of IFN and 
treatment with digoxin and furosemide, cardiac symptoms rapidly improved and a control chest 
radiograph showed a normalization of heart size (panel B). The patient remained free of cardio- 
vascular symptoms until her death 8 months later from progressive non-Hodgkin's lymphoma 



Other Adverse Effects 

Common laboratory abnormalities seen during IFN treatment are slight increases 
in liver enzymes (aminotransferases) and blood lipid abnormalities (decrease in 
serum cholesterol, hypertriglyceridemia) [5, 18, 94, 95]. Such changes are dose- 
dependent, usually remain without clinical consequences, and resolve after dose 
reduction or discontinuation of IFN therapy. 

With increasing long-term use of IFN, several new adverse effects have been 
described, including hormonal and metabolic disorders [96, 97], hepatic failure 
[98], pancreatic lesions [99], pulmonary sarcoidosis [100], interstitial pneumo- 
nitis [101], bronchiolitis obliterans with organizing pneumonia [102], induction 
or exacerbation of graft-versus-host disease after allogeneic bone marrow trans- 
plantation [103], porphyria cutanea tarda and other dermatological disorders [28], 
retinal complications [104], and auditory dysfunction [105]. 

Although used as antineoplastic agents, IFNs have recently been linked to the 
development of second malignancies. This assumption was based on a retrospec- 
tive study of Kampmeier et al. in patients with hairy cell leukemia [106] . In a series 
of 69 patients treated with IFN-a2b (2 X 10® lU/m^ three times weekly for at least 
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12-18 months) and followed-up for a median of 92 months, 13 patients (19%) 
developed a second cancer at a median time of 100 months after the start of IFN 
therapy. In most cases, the neoplasm was histologically and clinically aggressive, 
with a median survival time of only 8 months after diagnosis. Six neoplasms were 
of hematological origin (malignant lymphoma, acute myeloid leukemia, poly- 
cythemia vera, Langerhans cell histocytosis), whereas seven tumors were adeno- 
carcinomas. The risk of developing second cancer in the patient group was 
significantly increased in comparison with an age-matched population (excess 
frequency of 4.33 for all second neoplasms, and of 40 for hematological tumors). 
The authors concluded that the increased cancer incidence is not coincidental, but 
reflects either a hitherto unrecognized oncogenic effect of IFN therapy or the 
prolonged survival of hairy cell leukemia patients who might be intrinsically 
prone to develop second malignancies. 



Conclusions 

The spectrum of adverse effects accompanying treatment with interferons has 
been expanding during the last decade. Although in some cases the association 
between clinical symptoms and drug application maybe coincidental, there is no 
doubt that long-term treatment with IFN is associated with a specific pattern of 
side effects. These side effects include neurological and psychiatric disorders, 
immune-mediated complications, and renal and cardiac symptoms. Central nerv- 
ous system toxicity presenting as fatigue or behavioral and cognitive changes 
appears to be the most important complication that may seriously impair qual- 
ity of life. In general, IFN-related complications resolve with dose adjustment or 
discontinuation of IFN therapy, but persistent clinical toxicity has occasionally 
been described. 

In most cases, the humoral and cellular mechanisms underlying IFN-induced 
toxicity remain unclear. Autoimmune disorders are more frequent in patients with 
preexisting autoantibodies and appear to reflect the immunomodulatory effects 
of IFNs. In view of the scarcity of current data, further studies are required to 
define the mechanisms of IFN-related adverse effects. 
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Interferon-a: 

Its Current Clinical Utility and Future Perspectives 

H. Heimpel, and M. Schmid 



Introduction 

Interferons are a diverse group of proteins exhibiting a multiplicity of effects on 
many regulatory cells of the immune system. Of these, interferon-a (IFN-a) enjoys 
the widest clinical use. In previous chapters, its efficacy in a variety of viral, im- 
munological, and neoplastic disorders has been discussed in detail. In this 
concluding chapter, we wish to summarize its clinical utility, i.e., the benefit to 
patients of treatment with IFN-a, and to give a short look forward to future de- 
velopments. 

Since the first approved clinical indication - hairy cell leukemia - became clear 
about 10 years ago, many clinical trials have been performed to identify diseases 
in which IFN-a improves patient outcome. Concomitantly, many laboratories 
throughout the world attempted to clarify the mechanisms of interferon 's action. 
Despite many years of intensive research, however, the precise mechanism of 
action that would explain its clinical effects is still not fully understood. It is clear 
that IFN-a must bind to its specific, iio-kDa surface receptor. This cytokine/ 
receptor complex is then internalized, whereupon IFN is partially degraded and 
the receptor returned to the surface of the cell. Inside the cell, the most impor- 
tant step is the induction of the enzyme z's'-oligoadenylate synthetase (z's'-A 
synthetase), which results in an increase in polyadenylated strands. In addition, 
other targets altered by IFN-a have been identified: activation of a specific pro- 
tein kinase, and inhibition of c-myc and c-fos oncogenes and the gene for orni- 
thine decarboxylase (ODC), which influences cell cycle progression. In two of the 
diseases responding to IFN-a, namely human gliomas and acute lymphoblastic 
leukemia, the absence of the interferon gene on chromosome 9 has been demon- 
strated [1]. 

IFN-a has distinct immunoregulatory activity which includes activation of 
monocytes and macrophages, induction of antigen expression, and an increase 
in natural killer (NK) cell and cytotoxic killer cell (CKC) activity. These findings 
are of special interest in view of the fact that all interferons are able to increase 
the expression of class I major histocompatibility complex (MHC) antigens [3]. 

As a result of this process, enhanced immunological recognition of tumor- 
associated antigens may facilitate clonal evolution of specific, tumor-directed, 
cytotoxic T cells. These different actions are reviewed by Dorr [2] and by Oberg 
in a separate chapter in this book. 

In general, the clinician's fields of interest can be divided into three areas: 
neoplasms, viral diseases, and disorders of immunoregulation. The initial enthu- 
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siasm of many clinicnas who saw IFN as a substance with the ability to cure many 
neoplasms has been replaced by the more realistic view that IFN prolongs sur- 
vival in only a few, specific neoplastic, viral, and immunological diseases. On the 
other hand, many patients benefit from IFN in terms of quality of life, and the 
list of indications, sometimes in subgroups of patients, is still growing. We there- 
fore emphasize the fact that, besides prolonging life expectancy, improving or 
maintaining quality of life is an important consideration when we are attempt- 
ing to define the utility of IFN-a. 



Clinical Experience with Interferon-a 

Neoplasms 

Since its detection and characterization about 30 years ago, IFN has been used 
as a therapeutic agent for many tumors. Table 1 gives an overview of the entities 
on which results from controlled clinical trials are available. 

The first approved clinical application for interferon was hairy cell leukemia. 
IFN was the first substance to attain highly significant therapeutic efficiency, with 
response rates of about 70%-8o% [6,7,9]. 

Most of our knowledge about IFN's mechanism of action was obtained from 
experiments with hairy cells. Increased overall survival and disease-free survival 
rates were seen in patients responsive to IFN treatment, and the quality of life 
improved in patients with hairy cell leukemia. Despite excellent response rates, 
however, patients cannot be cured with IFN. IFN-a has been used as first line 
therapy in hairy cell leukemia for only about 10 years. 

In 1990, Piro et al. published data on the use of the purine analogue 2-chloro- 
desoxyadenosine (2'CdA) [65]. A single continuous infusion with 2'CdA results 
in a complete remission rate of about 70%. As described by Golomb in the chap- 
ter on hairy cell leukemia, these remissions are long-term, and at least some of 
the patients maybe actually cured. The side effects of 2'CdA are low and the drug 



Table 1. Clinical experience with interferon-a in malignant disorders 



Hairy cell leukemia [4-11] 

Kaposi's sarcoma [12-20] 

Chronic myelogenous leidtemia [21-26] 
Malignant melanoma [27-31] 
Colorectal carcinoma [32-34] 

Ovarian cancer [35] 

Renal cell carcinoma [36-38] 

Multiple myeloma [39, 40] 
Non-Hodgkin's lymphoma [41-43] 
Cutaneous lymphoma [44-46] 

Breast cancer [47, 48] 



Chronic lymphocytic leukemia [49-51] 
Acute lymphoblastic leukemia [52] 
Neuroendocrine tumors [see chpt.] 
Bladder cancer [53, 54] 

Basal cell carcinoma [55] 

Lip carcinoma [56] 

Brain tumors [57, 58] 

Essential thrombocythemia [59, 60] 
Polycythemia vera [61] 

Lung cancer [62, 63] 

Head and neck cancer [64] 
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has superseded IFN in the treatment of hairy cell leukemia. However, participants 
at the meeting of which this book publishes the proceedings agreed that IFN 
should not be withdrawn in patients who respond to low doses of IFN-a for a long 
time without relevant side effects. 

IFN-a plays an important role in the treatment of chronic myelogenous 
leukemia (CML). The first clinical trials with IFN in CML patients were performed 
at the M.D. Anderson Cancer Center at Houston, Texas in the early 1980s. In the 
beginning, only partially purified natural interferon was used, but despite this, 
response rates were relatively high. Interestingly, even in these early studies, 
cytogenetic responses could be observed [21, 22]. This encouraged many hema- 
tologists all over the world to treat CML patients with IFN, either alone or in com- 
bination with cytoreductive chemotherapy, in particular with hydroxyurea. In the 
following years, randomized trials comparing IFN and hydroxyurea/busulfan 
treatment were performed. In all trials, the number of cytogenetic remissions was 
higher in the IFN groups, and in most patients time to disease progression was 
also longer [24,25]. 

Today, IFN is accepted as a standard first-line therapy in newly diagnosed CML. 
Data reported by Beelen et al. suggest that prolonged administration of IFN in CML 
patients before allogenic bone marrow transplantation (BMT) may adversely affect 
patients’ outcome after BMT [66], but this has not yet been confirmed by others. 
There is general agreement that younger patients with a histocompatible bone 
marrow donor should undergo BMT as early as possible once hematological remis- 
sion is achieved by cytoreductive therapy. As described by Hehlmann in this book, 
the outcome of allogeneic BMT is not significantly different between patients pri- 
marily treated with hydroxyurea and those primarily treated with IFN-a. 

Essential thrombocythemia (ET) and polycythemia vera are other chronic 
myeloproliferative disorders in which IFN-a is clearly effective. Wehmeier has 
reviewed the therapeutic options for ET in an earlier chapter in this book. 
Response rates for IFN are high (8o%-90%),but it seems clear that these patients 
cannot be cured by IFN [59] . ET and polycythemia vera are good models for dem- 
onstrating the cytoreductive effects of IFN. Recently, new data were presented 
dealing with the effectiveness of IFN in ET [69, 70]. These data show that IFN is 
as effective as hydroxyurea in reducing platelet counts, but side effects must be 
taken into account. In some patients, IFN had to be replaced by hydroxyurea. 
These trials are still ongoing. Long-term results will be of special interest for pa- 
tients with a malignancy that progresses relatively slowly but causes significant 
side effects. 

The third group of neoplastic hematological diseases where IFN-a is effective 
are non-Hodgkin 's lymphomas (NHL). IFN used as an induction therapy in low- 
grade NHL results in an overall response rate of about 30%, depending on the 
histological type, the age of the patients, and the pretreatment regimens. Untreated 
patients with low-grade NHL have higher response rates than patients with high- 
grade NHL, multiple myeloma, or patients who have had previous treatment. The 
duration of remission is usually short and sometimes high doses are necessary. 
IFN therapy is more expensive than conventional cytoreductive therapy and the 
side effects may reduce the quality of life in these incurable patients. One excep- 
tion is cutaneous T-cell lymphomas, as stated in the chapter by Dummer. These 
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patients often suffer from disabling pruritus that frequently fails to respond to 
conventional therapy such as corticosteroids. In these patients, IFN may - in ad- 
dition to phototherapy - be an effective treatment regimen. 

The most important indication for IFN in low-grade NHL (and possibly in 
multiple myeloma) is in maintenance therapy after successful remission induc- 
tion chemotherapy. Maintenance by IFN-a results in prolonged disease-free or at 
least symptom-free survival. It may, despite the side effects of the agent itself, also 
improve the quality of life in these patients [67, 68]. 

Interferon-a has been used in a wide variety of solid tumors (Table 1). The 
first one in which its effectiveness was precisely demonstrated was Kaposi’s sar- 
coma in patients with AIDS. This is of special interest, because it has been pos- 
tulated, that IFN production is defective in HIV-infected individuals [71] . Three 
different therapeutic strategies have been tested: IFN monotherapy, IFN plus 
cytotoxic agents, and IFN plus zidovudine. IFN-a given as a single agent resulted 
in total response rates of 3%-46%, with a mean objective response rate of about 
30%. In some of the studies showing significant effects high doses up to 50 MU/ 
m^ were used, with high rates of side effects, as would be expected. IFN-a has 
been combined with etoposide, vinblastine, dactinomycin, or bleomycin [17]. 
Response rates were in the same range as observed with IFN alone. There were 
considerable side effects and no additional benefit could be observed. In con- 
trast, good results were seen when IFN-a was combined with zidovudine, re- 
sulting in an objective response rate of about 50%. In this combination, lower 
doses of IFN were necessary. It is difficult to interpret long-term results because 
most of the patients die soon after the onset of antineoplastic therapy from 
infectious complications. 

The therapeutic efficacy of IFN-a has been investigated in almost all solid 
malignant tumors in the last lo years. With a few exceptions, the results are dis- 
appointing. In metastatic renal cell carcinoma, response rates up to 20% are seen 
[36, 33], but with probably no improvement in overall survival. The same is true 
for the many combinations with antineoplastic chemotherapy of other cytokines 
tested. Recent data presented by Steger et al. [39] show responses in 48% of all 
patients with advanced renal cell carcinoma when interferon-y was used in com- 
bination with interleukin-2. However, these are preliminary results, and while 
there is no doubt that IFN-a is effective, it is still not clear whether its use in 
therapy of renal cell carcinoma is beneficial. 

Metastatic melanoma was one of the first candidates for treatment by IFN 
since it is known that immune surveillance plays a particular but important role 
in this tumor. IFN-a has been extensively used in combination with interleukin-2 
and a variety of cytotoxic drugs [30, 31]. At the beginning the results were dis- 
appointing, with response rates below 15%. Combinations with cytostatic agents 
may yield better results. Preliminary data from an international trial, recently 
presented by Keilholz and Eggermont [72], seem to be of interest. The combi- 
nation of cisplatinum with IFN-a/interleukin-2 resulted in an overall response 
rate of 32% [72] . In this study, patients responsive to therapy undergo resection 
of persisting metastatic lesions to achieve complete remission. The study is still 
ongoing and may suggest IFN-a as “neoadjuvant” drug in the treatment of 
advanced melanoma. 
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Administration of IFN-a is one of the many procedures investigated for the 
as yet unsatisfactory adjuvant treatment of colorectal cancer. Results of many 
studies are rather inconclusive. In advanced colorectal cancer, the additional 
administration of IFN-a to high-dose 5-FU did not improve outcome but did 
increase toxicity [73] . This was confirmed by a study performed by Kreuser et al. 
[74] , using quality of life, as assessed by the European Organization for Research 
and Treatment of Cancer (EORTC) QLQ-30 questionnaire, as a primary end point. 
Again, IFN did not improve patients ' outcome, but the quality of life was signifi- 
cantly impaired. 

As shown in Table 1, IFN-a has been used as second- or third-line therapy in a 
variety of other tumors, in most cases without any success. Neuroendocrine gut 
and pancreatic tumors are an exception. They may be malignant or nonmalig- 
nant, and most cases have a good prognosis. However, in a subgroup of patients 
presenting with metastases the 5-year survival rate is less than 20%, and new 
therapeutic strategies for these patients are needed. The potential role of IFN-a 
is considered by Oberg in this book. 

Taken together, two general statements can be made referring to IFN therapy 
in neoplasms: first, with some exceptions, systemic diseases respond better than 
solid tumors and quality of life is improved in responding patients. Second, the 
efficacy of IFN is mostly limited to disorders with low-grade malignancy and 
therefore low proliferative activity. This is probably the same phenomenon as 
observed for a new generation of potent drugs, namely the nucleoside analo- 
gues. 



Autoimmune Diseases 

Patients with chronic lymphocytic leukemia or other low-grade NHLs frequently 
develop secondary autoimmune complications, such as autoimmune hemolytic 
anemia or immunothrombocytopenia. These disorders of immunoregulation are 
also observed in primary autoimmune diseases, such as systemic lupus erythema- 
tosus and some viral infections, or present as an “idiopathic” form without any 
underlying disorder. In general, they can be successfully treated with immuno- 
suppressive drugs such as corticosteroids and cyclosporine A or with alkylating 
agents (e.g., cyclophosphamide). Therapy with IFN-a has been tried in some pa- 
tients who do not respond to these regimens. Case reports and small phase-II 
studies describe successful deployment of IFN in these resistant individuals [95, 
97-100]. The diseases investigated include, among others, immunothrombo- 
cytopenia [94, 95], autoimmune hemolytic anemia [96,97], cryoglobulinemia [98, 
99], and Crohn's disease [100]. Altogether, the results are equivocal. Since IFN-a 
may also trigger or enhance autoimmune phenomena, its use in autoimmune 
disorders is not a first-line therapy and should be limited to selected cases. 

A special situation is presented by mixed cryoglobulinemia and severe chronic 
cold agglutinin disease, which is usually resistant to corticosteroids but may be 
sensitive to IFN-a [96-99]. We have treated a female patient with refractory 
hemolytic anemia due to idiopathic cold-reactive antibodies. Before this, she was 
dependent on blood transfusions every 2 weeks. After 2 months of IFN-a therapy. 
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her hemoglobin values spontaneously increased, reaching levels between ii and 
12 mg/dl, and she became independent of blood transfusions. 

One reason for the impaired effect of IFN-a in some autoimmune diseases may 
be increased production of so-called “acid-labile” dysfunctional IFN. High levels 
of acid-labile IFN correlate with disease progression in HIV patients. It is also 
overexpressed in some autoimmune disorders such as systemic lupus erythema- 
tosus or rheumatoid arthritis. Acid-labile IFN leads both to inhibition of the pro- 
duction of normal IFN and to downregulation of the IFN surface receptors on 
certain cell types. Suppression of acid-labile IFN production maybe one approach 
for gene therapy, possibly by transduction of the IFN-a gene. 



Viral diseases 

On the basis of its biological role in natural defense, IFN-a has been successfully 
used in some disorders caused by viral infections. In contrast to neoplasms, where 
IFN is predominantly used as a second- or third-line therapy, in viral diseases it is 
often chosen as first-line therapeutic agent and is in many cases the only effective 
one. The greatest success has been achieved in viral hepatitis (hepatitis B, C, D). As 
indicated in the chapter by Niederau, IFN-a is today the standard therapy for par- 
ticular stages of chronic viral hepatitis. About 15 years ago, no therapy with a good 
chance of success could be offered to these patients. Glucocorticosteroids or anti- 
viral agents such as acyclovir have been ineffective [101, 102]. 

The effective treatment of hepatitis B is of special socioeconomic interest, since 
it affects about 200 million people throughout the world and the costs are enor- 
mous. The first promising data about treatment with IFN were presented by 
Hoofnagle et al. in 1988 [75]. The responses in their population were dose-depend- 
ent. This was confirmed by further trials in the following years. Remission can be 
achieved as late as 4-6 months after the initiation of IFN therapy. Combination 
with other immunosuppressive agents, especially with prednisolone, did not in- 
fluence the response rates [76]. 

After HIV, hepatitis C seems to be one of the most important infectious prob- 
lems today. About half of all patients presenting with acute hepatitis C develop 
chronic liver disease, and about 20% of them develop cirrhosis [103]. As described 
above, other drugs used as antiviral agents failed to be effective. It was again 
Hoofnagle in 1986 and then Arima in 1988 who described disease remission after 
treatment with IFN-a and -P [104, 105] . Further trials showed that response rates 
are also dose-related. The response rates range between 34% and 52% with IFN-a 
3 X io‘ U/ml given subcutaneously three times a week. On the other hand, relapse 
rates unfortunately reach about 50%, most of them occurring within the first 
3 months off therapy. 

All these trials pointed to some factors predictive of response to IFN treatment 
for viral hepatitis. Female gender, a low degree of viral replication, high inflam- 
matory activity, and low RNA virus titers are of good prognostic significance. The 
lowest response rates were seen in patients who had acquired their hepatitis C 
perinatally. To sum up, IFN-a is the first, and as yet the only therapeutic agent 
which definitely shows antiviral activity in hepatitis B and C. 
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Condylomata acuminata (anogenital warts), caused by human papilloma- 
virus, can be effectively treated by IFN-a, in addition to accepted treatment 
modalities such as cryotherapy, trichloroacetic acid, electrosurgery, or laser 
therapy. Several randomized, placebo-controlled studies have established 
response rates of about 60% [87-91]. A recent placebo-controlled trial investi- 
gated the efficacy of IFN-a, -p, and -y when administered parenterally in com- 
bination with cryotherapy [106]. The response rate after surgery was 66%, which 
is not significantly different from other trials, but the relapse rate in patients 
receiving IFN was reduced. Interestingly, IFN-p had the best therapeutic effect 
and caused the lowest side effects. 

IFN-a has been used in a variety of other viral diseases in both children and 
adults, such as viral meningoencephalitis, acute bilateral mumps orchitis, or 
enterovirus-induced myocarditis [92, 93] . Most positive results are based on case 
reports or uncontrolled trials with low numbers of patients. There is probably a 
significant bias since patients responding to distinct therapies will be preferen- 
tially reported. Decision making in viral diseases other than hepatitis B, C,and D 
and papillomavirus infections remains difficult, and the use of IFN-a for treat- 
ment requires special care and informed consent by the patient. 

The role of IFN-a in HIV infection is currently under discussion. There is a 
discrepancy in these patients between the deficient production of natural IFN-a 
and the elaboration of high levels of acid-labile IFN-a which is related to disease 
progression as well as to resistance to IFN therapy [108]. Howell et al. suggest that 
restoration of the natural IFN-producing cell clone in HIV patients may improve 
the survival of these patients [109]. Possible reasons for the impaired production 
of natural IFN in HIV patients are summarized by Tossing in a separate chapter 
of this book. 



Conclusions and Future Perspectives 

In the final part of this chapter, we will discuss future perspectives with regard 
to both the limits of IFN-a and potential new approaches to its use, either alone 
or in combination with other therapeutic procedures. In discussing therapeutic 
strategies which are expensive, have side effects, require long-term administra- 
tion, and do not cure the majority of patients, clinical response is only one pa- 
rameter to be considered, and the evaluation of clinical utility must also include 
economic aspects (e.g., cost-benefit analysis). We shall try to summarize the dif- 
ferent factors which must be taken into account when a patient is being consid- 
ered for treatment with IFN. 

When we look at the future of IFN, we should first look back. The enormous 
wave of enthusiasm that arose when IFN was first detected and characterized has 
been replaced by a much more realistic understanding. As shown in previous 
chapters of this book, various effects of IFN-a have been observed in a variety of 
malignant and nonmalignant disorders; nevertheless, the results have been dis- 
appointing to those who expected many diseases to be cured. So far, viral hepati- 
tis is probably the only disorder which may be cured by IFN in a minority of 
patients. Event-free survival maybe normalized in individual patients with hairy 
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cell leukemia, and possibly with chronic myeloproliferative disorders, although 
small numbers of residual leukemic cells are still present. How do we cope with 
this problem? 

One hope lies in the development of new IFN preparations. Recently, it became 
clear that recombinant IFN-a2b is equivalent to natural IFN-a2. This conforms with 
the observation that patients treated with IFN-a2b rarely develop antibodies against 
IFN, while this occurs more often in patients treated with lFN-a2a or IFN-a2c. 
Antibody formation occurs early or late in the therapeutic cycle. Its clinical relevance 
is still under debate. Only very high antibody titers correlate with resistance to IFN. 
There is evidence for the specifity of these antibodies,because resistant patients with 
neutralizing antibodies against IFN-a2a may be successfully treated with natural 
leukocyte IFN [107]. For this reason, replacement of lFN-a2a by IFN-a2b has been 
suggested when neutralizing antibody titers above 800 NU/ml are observed. How- 
ever, it should be remembered that many patients are resistant to IFN-a without 
antibodies playing a role. Other mechanisms such as multidrug resistance or dif- 
ferences in IFN receptor expression must also be taken into account. 

In view of these problems, further clinical trials are necessary. The aim of these 
studies should no longer be simply to investigate whether IFN works or not. Forth- 
coming clinical trials must identify subgroups of patients which may benefit from 
IFN therapy. These subgroups maybe defined by clinical, immunological, or mo- 
lecular genetic features. Therapeutic decisions can then be tailored to these sub- 
groups. The advantages would be a gain in the quality of life by avoiding ineffec- 
tive therapy in certain distinct patients, lower costs, and an improvement in our 
understanding of the biologic mechanisms responsible for the clinical effects of 
IFN. 

An important aspect is the position of IFN in a therapeutic strategy. Should 
IFN-a be used as primary therapeutic regimen, or perhaps as maintenance 
therapy, as has been proposed in NHL? Can IFN-a allow a reduction in the dos- 
age of cytostatic drugs, so as to avoid undesired late effects? If so, is this effect great 
enough to justify high treatment costs and impairment of patients ' quality of life 
by untoward immediate symptoms? 

We have learned from the trials in the past 10 years that most patients are not 
cured by IFN-a. This means that quality of life becomes one of the most impor- 
tant endpoints. To date, measurement of the quality of life has been included in 
only a few studies; it should become an indispensable part in future therapeutic 
trials. For both patient and physician, it is a great success to relieve the severe 
pruritus caused by cutaneous T-cell lymphoma, even if the lymphoma itself is only 
slightly reduced. On the other hand, it is rather disappointing when we reduce 
tumor mass by more than 90% without improving the patient's quality of life and 
without any guarantee of prolonging his or her life expectancy. 

An attempt to sum up clinical effects in regard to the different endpoints is 
shown in Table 2. These data do not take account of alternative therapeutic 
modalities as discussed above, and it must be understood that IFN-a (or any other 
agent) may improve the state of the patient as compared to no therapy but may 
not be as effective as other treatment measures. 

In the individual case, there are some important questions which must be an- 
swered by the clinician before deciding to use interferon as therapeutic agent: 
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Table 2. Efficacy and utility of IFN-a 



Disease 


Efficacy 


Quality of life 


Life expectancy 


Hairy cell leukemia 


++ 


+ 


+ 


Chronic myelogenous leukemia 


+ + 


+ 


+ 


Essential thrombocythemia 


+ + 


+ 


7 


Polycythemia vera 


++ 


+ 


? 


Cutaneous T-cell lymphoma 


+ + 


+ + 


? 


Low-grade non-Hodgkin's lymphoma 


+ 


( + ) 


(+) 


Multiple myeloma 


(+) 


( + ) 


(+) 


Immunothrombocytopenic purpura 


(+) 


( + ) 


? 


Cold agglutinin disease 


(+) 


( + ) 


? 


Kaposi's sarcoma 


+ + 


+ 


? 


Renal cell carcinoma 


( + ) 


( + ) 


_ 


Melanoma 


+ 


( + ) 


{+) 


Neuroendocrine gut tumors 


+ 


+ 


? 


Hepatitis B, C, D 


++ 


+ 


+ 


Condylomata acuminata 


+ + 


+ + 


- 



What is the aim of the therapy? This is of course the most important question, 
because it defines the start of therapy. If it is not possible to cure the patient, 
therapy should only be started when symptoms occur. On the other hand, IFN 
therapy should start early if cure is a realistic goal, as in patients with viral 
hepatitis. Likewise, early treatment of asymptomatic patients with CML is justi- 
fied, since early reduction of clonal stem cells may delay the evolution toward 
blastic transformation or provide a basis for further curative therapy by 
hemopoetic stem cell transplantation. 

Are there data from recent studies? This is important for estimating the probabil- 
ity of response, including prognostic factors for choosing the right dosage and 
to foresee specific side effects of IFN in the disease concerned. 

How long should therapy last? This, of course, may be based on individual para- 
meters, in particular on the severity of side effects observed, if only a sympto- 
matic effect is expected. In other situations such as viral hepatitis or chronic 
myeloid leukemia, prolonged administration of IFN-a may be necessary to 
improve life expectancy. Decisions must therefore rely on the most recent stud- 
ies and should be made by specialists in the field. 

Should IFN be given from the beginning or used as maintenance therapy after 
remission has been reached by other types of cytoreductive therapy? In many dis- 
orders IFN has a low potency in inducing remissions but is effective as main- 
tenance therapy. 

Should IFN be administered as monotherapy or in combination with other agents 
or therapeutic procedures? This is an important question in the context of both 
viral diseases such as condylomata acuminata (in combination with cryo- or 
laser therapy) and also in malignant disorders such as Kaposi's sarcoma. 

What is the life expectancy of the patient? In most instances, IFN-a becomes 
effective after a delay of weeks. If life expectancy is low, IFN-a is usually not 
indicated, since the most severe side effects occur at the beginning of therapy 
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and may compromise the patients' well-being in the final stage of life. In 
addition, the high costs of treatment require consideration of its cost effective- 
ness as compared to other treatment modalities. 

Although it is obvious that our understanding of the clinical utility of IFN-a is 
still fragmentary, the great clinical research efforts of the last few years allow us 
to ask specific questions. Answers provided by both in vitro studies and further 
clinical trials will further improve the clinical use of IFN-a. Many people already 
benefit from the extensive IFN research of recent years, and will continue to 
benefit from it in future. New preparations may help to reduce the induction of 
neutralizing antibodies. This may help to overcome some of the problems of 
resistance and, possibly, reduce side effects. The possible role of IFN in gene 
therapy is unknown. Gene therapy is particularly attractive in diseases which are 
caused by the defect or absence of a distinct gene or gene product. So far, no “IFN- 
deficiency disorders” are known. Transplantation of autologous transfected cells 
which produce IFNs may be useful in some of the disorders discussed. However, 
data on the clinical use of such strategies are not yet available. 
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